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Realism about Computational Properties

Emiliano Boccardi

The property of being the implementation of a cotapanal structure has been argued to be vacudustigntiated.
This claim provides the basis for most antireaigiuments in the field of the philosophy of comgiota Standard
manoeuvres for combating these antirealist argusngatt the problem as endogenous to computatibearies.
The contrastive analysis of computational and othathematical representations put forward herealevibat the
problem should instead be treated within the magaegal framework of the Newman problem in strudisira
accounts of mathematical representation. It is edgthat purely structuralist and purely functiosiakccounts of
implementation are a-priori inadequate to tackle groblem. An extensive evaluation of semantic aot® is
provided, arguing that semantic properties arekerstructural and functional ones, suitable tdrietsthe intended
domain of implementation of computational properiie such a way as to block the Newman problem.SEmeantic

hypothesis is defended from a number of recentctibjes.

1. Introduction

Computational structures, such as finite state raata or Turing machines, are a
particular kind of mathematical structuresike many other classes of mathematical
structures, they have been used to represent sgpeeta of the physical world. Just as
magnetic and electric radiations are believed forfgeto a common genus, thanks to
the fact that they are all instantiations of Maxigsetquations, digital computers of the
same type are thought to belong to a common gérauks to the fact that they are all
implementationSof the same computational structure.

The relatively uncontroversial and successful useomputational concepts in the
fields of computer science, engineering, and, east, in the sciences of the mind,
suggests that computational properties are obg¢tig. not dependent on our purposes
or on other observer-dependent factors). Just@sdlar system instantiates a certain
mathematical dynamical system whether or not anyiaterprets it as doing so, a
computer would be such, according to this reabsistrual of computational properties,
even if no one ever so interprets it, or even if glwserver had ever existed. If

computational properties were not real — this braindo-miracles argument goes - how

! In particular, they can be argued to belong testricted subclass of mathematical dynamical systdimese are abstract
structures represented by triplets of the fo< T, M, {g*} >, where T is the time set, M is the state space{g’} is the set of
state transitiong’ : M — M. Abstract computational systems can be argubeltang to this class of mathematical structures.
The following is an example of how this can be main the case of Turing machines (see M. Giur@5)9The future behaviour

of a Turing machine is determined when 1) the siéthe internal control unit, 2) the symbol on thpe scanned by the head and
3) the position of the head, are given. It is tlenepossible to take the set of all triplets <st&ead-position, tape-content > as the
state space M of the system; the set of non-negattegers can be taken as the (machine) time;sbeEet of quadruples of the
machine is then used to form the {g*} of state transitions. Each state transition fumcts such thag® is the identity function on
M, andgt*!(z) = g(g*(x)). Similar considerations apply to all other compiotzal structures.

2 Following a standard use, the term “implementatioefe denotes specifically the realization of cotaponal structures. When
referring to the realization of generic mathematitauctures (not necessarily computational), llakee the term “instantiation”



could computational theories be so successful aefliog and predicting the behaviour
of certain systems? Whence do they derive theila@gbory power?

Realism about computational properties, howeves, been challenged on various
grounds. Several attempts to pin down the necessatysufficient requirements for a
system to realize computational properties turned @ place observer-relative
constraints. Antirealist arguments typically aim at showing ttistandard accounts of
implementation either fail to describall paradigmatic computing systems as
computing, or else they fail to descritwely computing systems as computing.

These results come in two varieties. Accordingstaong antirealist arguments
computational properties are vacuously instantibtedny physical system. I. Hinkfuss,
for example, imagined a transparent plastic paigming water sitting in the sun and
asked himself if the activity of such a systemggisome suitable correspondence rules,
wouldn’t be complex enough as to realize the pnogtfzat underlies a human mind (see
Lycan 1981: 39). J. Searle famously argued thateua suitable interpretation, his wall
implements the Wordstar program (Searle 1992: 209the appendix to his book
Representation and Realif$988), Putham proposed a now (in)famous argumaetite
effect that every open physical system implemenisre inputless finite state
automatorf. The soundness of these vacuousness argumente@ashallenged (see
for example Chalmers 1996, Copeland 1996 and Rtc2®07), but there is nothing
like an agreement as to whether the proposed aneridnto the definition of
implementation succeed at blocking them.

According toweak antirealist argument®ven if computational properties are not
universally instantiated, theories of implementatiare still too liberal in ascribing
computational properties to physical systems. Md@890), for example, has argued
that a universal Turing machine could be implemeiie the motion of a single particle
moving in space, bouncing between parabolic anehlirmirrors like an ideal billiard
ball. Recently, O. Shagrir has forcefully argueatiin some cases a computing physical
system, short of semantic constraints on its inputsl outputs, can be seen as

implementing more computational structures that et for explanatory power.

3 Attempts to ground the notion of implementationthat of step satisfaction (see for example Cumm®89, pp. 91-92), for
instance, or on the digital vs/ analog distinctjsee Haugeland 1981), or on the instantiation nflfunental vs/ derivative physical
laws (Block and Fodor 1972) have all been argudditdo make a case for computational realism.

4 The technical result, moreover, has been argubé txtendable to the claim that any open physiaiksn implements any

automaton. An argument to this effect can be fanricheutz (1999).



The purpose of this paper is to put forward a gangiagnosis for the problem of
excessive liberalism, based on a contrastive aisalgs computational and other
mathematical representations of reality. Standaadoauvres for combating the alleged
vacuousness of implementation treat the problemlibgralism as endogenous to
computational theories. My analysis, instead, aflas to place the problem within the
overarching framework of structural accounts of hmatatical representations of
physical properties, where it is argued to belosgl where a solution to it can be
envisaged.

Why are computational properties exposed to vacqueassarguments? Where does
this unwanted liberalism come from? Why do othethematical representations of
reality, such as those used in physics, appeag tmimune to this disease?

The source otinwantedliberalism in the ascription of computational peoes, |
shall argue, is thewvanted amount of liberalism. Unlike what happens with the
instantiation of other physical properties, ondhef chief desiderata of any account of
implementation, in fact, is that it must make rodar the principle of multiple
realizability (PMR henceforth): different implementations of theme computational
structure need not share amarticular kind of (first- or second-order) physical
properties. A computer, says Johnson-Laird, “cduéddmade out of cogs and levers
[...]; it could be made out of a hydraulic systenothlgh which water flows.” [Johnson-
Laird (1988): 39]. A complex of logical gates, obhsss N. Block, could be realized by a
system of cats, mice and cheese, where the catklvgtnain their leashes and open
gates in accordance with the rules of the comprigt be implemented. According to
Pylyshyn “a group of pigeons [could be] trainedptck as a Turing machine” [1984:
57]. “We could be made of Swiss cheese and it wouidatter” [Putnam (1975): 291]

What counts, in other words, is the cawsalcture not the particular properties that
realize it. This desideratum, i.e. the requirenikat the constraints placed on a physical
system for it to be computing satisfy the PMR, t¢ibutes one of the chief allures of
computational representations of reality; unforteha it turns out to be the most
difficult to satisfy within a realist perspective.

How do we ever manage, in general, to build a necugus metaphysical bridge
between abstract, mathematical structures and mmpimes? Why can’t we argue that
Newton’s law of gravity, or Fresnel's equation® acuously instantiated?

As we shall see, all mathematical representatiohgeality, including as a

consequence also computational representationspbject to the problem of excessive



liberalism, when the burden of fixing the wanted dels is left to structural
isomorphism alone. This problem, also known as Nawmproblem, does not arise in
cases where we are able to specify the intendedhitioaf physical properties in the
represented domain. In the case of computatioredridss, however, this property-
specific route to the elimination of unwanted madsl a-priori blocked by the need to
comply with the principle of multiple realizability

In the literature there are three main stratefpedixing the intended models of
computational theories. They can be classifiederms of the kinds of properties that
are proposed to restrict the candidate bearersrapatational properties. Accordingly,
there are structuralist, functionalist, and senganftdr intentional) accounts of
implementation, characterized respectively by gsumptions that computational states
must be individuated by their structural, functibna semantic properties. The main
thesis of this paper is that only a restrictiontloé intended domain represented by
computational structures to intentional items (icestates and groupings of states that
instantiate semantic properties, such as contelbws us to block unwanted
implementations.

The structure of the paper is as follows. In secol put forward a contrastive
analysis of the problem of liberalism. | argue thia problem of liberalism is not
restricted to computational theories, but derivemnf a general problem of purely
structuralist accounts of mathematical represenmtatof reality (Newman'’s problem).

In section 3 the analysis is applied to structataheories of implementation. It is
argued that standard property-specific combatingpaeavres against the problem of
liberalism are not available to computational thesfr These must therefore seek to
restrict their intended domains in non-structurad aon property-specific ways.

In section 4 | provide an evaluation of functiostilaccounts of implementation,
arguing that functional properties (both of theroar and of the wide variety) are also
a-priori unsuitable to tackle the problem of lidena.

In section 5, finally, | provide an extensive ealan of semantic accounts, arguing
that semantic properties are, unlike structuralfandtional ones, suitable to restrict the
intended domain of implementation of computatioq@abperties. The semantic

hypothesis is defended from a number of recentctibjes.



2. Structuralist representations of physical reality

The instantiation of mathematical structures ingityy is prima facie immune from
vacuousness arguments. The reason appears totbie that case we are allowed to
make reference tepecific physical properties and magnitudes. Consider xamngple
the case of Fresnel's equations, describing thpagadion of light through a plane

reflecting surface = t‘““(”l‘ezg. In their intended interpretaticd; and6, refer to the

tan(6; —02
angles made by the incident and the refracted beeithsthe normal to the surface,
while R andl, in Fresnel's understandingfer to the amplitude of the vibration of the
molecules of ether induced respectively by theemtfid and by the incident beam.
Being the intensity of a beam of light is a propetat is certainly not universally
instantiated, let alone by a piece of Swiss che€kelangles made by the incident and
refracted beams, or the intensities of the beammpptional respectively tR* and/?),
are magnitudes specified unambiguously by repeatalasurement procedures. In this
sense, these properties can be broadly construibservational”, in that they reliably
produce expected effects in angular translatorgpaietbometers.

If it wasn't for these restrictions on the interat®ns, the above equation would not
represent Fresnel’s law. Suppose ¥,and6, in the equation above did not refer to the
angles made by the incident and a refracted besppose that we were free to interpret
them as we please, or that the field of scienceeutiteorizing was not even specified:
couldn’t we then cook up some antirealist argunernie effect that Fresnel's equations
are vacuously instantiated?

As a matter of fact, we could. We need not go sddr entertaining conjecture of
such a scenario. When mathematical structures aeel to model a domain of
unobservable properties, which, unlike angles and intensiti@se not directly
specifiable through measurement procedures, theyalsm be argued to fail to capture
only the wanted models. In these cases, we shall Iseegpresented domain must be
restricted by suitable semantic postulates, itltie®ry is to avoid vacuousness.

While the interpretation of the variable??> and /? in Fresnel's equations is
constrained by specific measurement proceduressdthrelative to the observable
intensities of the refracted and of the inciderdrbg the variableR andl do not refer
to any directly observable magnitude. In Fresneks interpretation, for example, they

referred to the (unobservable) amplitude of theatibns of the molecules of ether.



Fresnel's ontological interpretation of his equasiowhich construed light as consisting
of vibrations propagating through the all-pervadatiger, has been notoriously falsified:
ether does not exist! The structure of Fresnesimorty, including his equations,
however, survived this ontological revolution, ®appear, unchanged, in Maxwell's
theory, and even in the following relativistic timgo The only difference is that,
according to Maxwell’'s ontological interpretatioit, is the (equally unobservable)
electric and magnetic field strengths that vibratet the molecules of ether: the
interpretation of the other variables in the eduei (those that refer to observable
magnitudes), is left unaltered.

“Fresnel’'s equations”, observes J. Worrall, “aakeh over completely intact into
the superseding theory — reappearing thesely interpretedbut, as mathematical
equations, entirely unchanged”. [Worrall (1996)016y emphasis]. According to this
structuralist intuition, Fresnel was right, aftdl, about the fact thasomethingwas
vibrating with a certain amplitude, at certain @sglalthough he did not, and could not
know anything about theature of that something. Concentrating on the reality of
structure, rather than on that of the (unknowat#ta, allows us to create a safe niche
for philosophers with a residual realist inclinatioif the unobservable relata are
unknowable, think the structural realists, thedtrte of their relations is knowable and
constitutes the true content of scientific thearies

The sole relation between mathematical structunelsraality that is required to be
in place, in these cases, is that provided by strakisomorphism. In the case of
Fresnel's equations, the isomorphism consists ofagping from the values of some
unspecified (and unspecifiable) magnitudes to tidaas of the variables in the abstract
mathematical structure.

This philosophical manoeuvre is captured by thel walow procedure of
Ramseyfication. If we describe a theory by the fadar6(O,,...0,; Ty, ..., T,,), where
O.,...,0,, are observational or perceptual terms, a.....7,, are theoretical terms
(those that purportedly refer to the unobservabdperties), the structural realist claims
that the “true” empirical content of the theoryrépresented by the Ramsey sentence:
351,000y 35m0(O01, o0y O3 51, vy S

Here enters the spectrum of vacuousness. It islyvaigknowledged, in fact, that
“there are just too many isomorphisms, and all bent are equally good
representations, if representation cannot ‘cutubhd isomorphism. In fact there are

two problems here. Firstly, qua structure, theneathing to distinguish a data-model of



the simple periodic motion of a pendulum from tba@a suitably-described economic
cycle. Secondly, even when the subject of the mizdieted, we can define a relational
structure on its subject domain, cardinality petimgt in such a way as to guarantee
isomorphism.” [S. Psillos and R. Hendry 2007: 148F shall callabsolute liberalism
the first kind of unwanted liberalism, i.e. thatiat derives from not having specified
the subject domain of the model. The second kinltbefalism, which derives from not
having specified the way in which a specific subg@main should be carved, shall be
calledrelative liberalism

The moral | wish to draw from the vacuousness aklyustructuralist accounts of
mathematical representation, | anticipate, is tb#owing. First, the problem of
vacuousness (or of excessive liberalism) is nobgadous to computational theories,
but it is common to all purely structuralist acctuf mathematical representation.
Secondly, standard combating manoeuvres, whichlenteesort to specific context-
fixing physical properties, are not affordable lre tcase of computational properties. |
shall argue, in other words, thahy use of mathematical structures for representing
reality would be subject to the same antirealiguarents, if it had to accommodate for
the unrestricted PMR. Only an a-priori restrictmfrthe intended implementing medium
has any chance of capturing just the correct amofulitieralism in these cases.

The mathematical representation of computatiomatsires, hence the explanatory
power of computational theories, stands in exatityy same position. In the case of
Fresnel's law, the domain of unobservable entiteeer which we define the
isomorphism that ought to ground the relation oftamtiation, is unspecified for
epistemological reasons: nothimgn beassumed to be known about it aside from
structure. In the case of structuralist accounts irmplementation, instead, the
implementing domain is unspecified for reasondrisic to the notion of computation,
i.e. because of the requirement that implementabenindifferent to anyparticular
physical property: nothinghould beknown about it, aside from structure.

The different reasons why the respective instangatiomains are unspecified,
however, are irrelevant for our discussion. Whatnts is that in both cases an
unspecified domain, of which only the structursupposed to be known, is required to
carry the burden of instantiation (implementatiomith the sole aid of isomorphism. In
both cases, in fact, the knowledge that a physigsiem realizes a given mathematical

structure does not elicit any inference aboutatsipular physical nature.



The alleged vacuousness of purely structural ptesera difficulty also known as
Newman’s problem, has always been one of the maiarles for structural realist
philosophers of science. At the heart of it liee tibservation that “any collection of
things can be organized so as to have the strudingrovided that there are the right
number of them. Hence the doctrine that only stmécts known involves the doctrine
that nothing can be known that is not logically weble from the mere fact of
existence, except (“theoretically”) the number afnstituting objects”. [Newman
(1927): 144].

This critical remark was originally addressed to BRussell’s causal theory of
perception. In his booKhe Analysis of MatteRussell expressed the opinion that the
only kind of knowledge that we can have of the uopwed causes of our perceptions
is “structural”: i.e. knowledge of the structure cdusal relations that obtains between
them. But of such a structure, Newman objectediHing is known (or nothing need be
assumed to be known), but its existence”. [ibid4]1IRussell later conceded that this is
indeed the case.

Any structuralist account of the relation betweeatimematical structures and the
empirical systems that instantiate them, includihgourse that between computational
structures and their implementing systems, musteadd Newman’s problem. The
unperceived causes of our perceptions (and theuctste thereby), just as the
unobservable properties postulated by physical ribgo or like the unspecified
properties that implement computational structuoasinot be uniquely represented if
the only relation they have with their potentiapmesentations is supposed to be the
existence of an isomorphic mapping.

There is an ongoing debate about how to best amsndturalist accounts to meet
Newman’s challenge, and a close scrutiny of th@éouaroptions offered falls outside
the scope of this paper. Here it suffices to mentiat virtually all commentators agree
on the following point. The way out of Newman’s plem requires that “[tjo the
general characterisation of theories in terms atesspace structunge must add other
information [...] and that information imposes further consttsion the domain that
can possibly be represented by the structure. fberetical variables for which the
simultaneous values and their change are givenhbystructure are theoretically
interpreted:they refer to physical properties and relatidnf=rench & Saatsi (2006):
557, my emphasis]. While opinions differ as to wttas “other information” should

amount to, there is agreement about the fact ifhite theory is to avoid vacuousness,



such information must at least be sufficient to ke particular domain of physical

properties intended to be represented.

3. Structuralist accounts of implementation

According to structuralist accounts, a physicakeysrealizes a computation if the
computationmirrors its causal structure. The key notion, in this usténding, is that
of structural isomorphism. According to D. Chalmdms example, “a physical system
implements a given computation when there exigisoaping of physical states of the
system into state-types and a one-to-one mappamg formal states of the computation
to physical state-types such that formal stateatedl by an abstract state transition
relation are mapped onto physical state-typesewlal a corresponding causal state
transition relation” [Chalmers (1996): sec. 2]. Tlpeima facie allure of this
understanding is precisely that reference to thecifips of the intended relata is
abstracted away in favour of their causal structilmes making room for the PMR.

Let us take a closer look at how this account gpssed to work in the particularly
simple case of finite state automata. At the abstraathematical level, computations
are defined as structures that take strings d@rlefrom a finite alphabet and manipulate
them according to specified rules to output othengs of letters. An automaton, for

example, is specified by three s¥tsY , andQ, and two functions andp, where:

X is a finite set (the input alphabet)
Y is a finite set (the output alphabet)

Q is the set of internal states

P wbdh P

5:Q x X — @, the next state function, is such that if at amett the system is
in stateq and it receives input, then at timet+1 the system will be in state
3(q, ).

5. B:Q — Y, the output function, is such that when the system

stateq it always yields outpus(q).

An account of implementation must specify how thabstract symbols should be
interpreted if the structure is to represent soead property of the physical systems that
realize it. According to structuralist accountsplaysical system (P) implements an

automaton (A) ifthere exist(in P) specifiable input-, output- and internates that



satisfy the following (structural) properties. Taegxists a mapping (f) that maps the
internal states of P (Q to abstract internal states of A )Qn such a way that for every
abstract state transitiq(S;) — d([1,51) = So — B(S2) = O,, if P is in internal state,
and receives inpu; wheref(i;) = I; andf(s;) = S, this causes it to enter state and

to outputo, such thaf(s;) = S, andf(o2) = O, (see Chamers 1996: 393).

It is easy to see that this account proceeds fréddaraseyfication of computational
statements. The empirical content of a computaktitheory that ascribes to a physical
system the property of implementing, in fact, is reduced to a conjunction of
existentially quantified properties that “mirrotsiformal structure. As we have seen,
“[tlhe problem is that this procedure trivializethd theory]: it threatens to turn the
empirical claims of science into mermeathematicatruths. More precisely, if our theory
is consistent, and if all its purely observationahsequences are true, then the truth of
the Ramsey-sentenéallows as a theorem of set theory or second-order logayiged
our initial domain has the right cardinality- if doesn't, then the consistency of our
theory again implies the existence of a domain tiwes.” [Demopulos and Friedman
(1985): 635]

To overcome Newman'’s problem, we said, it is nesngs® add “further constraints
on the domain that can possibly be representedhby structure”. This standard
combating manoeuvre, however, is not availabldhédase of structuralist accounts of
implementation, for the variables featuring in cangional structures, those that stand
for abstract computational inputs, outputs andestatannot be (a-priori) theoretically
interpreted as referring to (specific) physical pgadies and relations, on pain of
violating the PMR.

Here is an example of the (insurmountable) diftigdahat structuralist accounts of
implementation must face when confronted with Newimgroblem. According to
Copeland’s structuralist account, the relation leemvcomputational structures and their
implementations is akin to that between formal tle=oand their models. It may be
conceded, thinks Copeland, that there are inteafioets under which a given physical
object, Searle's wall, for example, is implementthg Wordstar program; but, it is
argued, this is not the case underititendedinterpretation: “[tjhe wall so acted”, says
Copeland, “only if the referent of ‘R’ in Skolemt®untable model is uncountable!”
[Copeland (1996): 353]. But, | argue, if we didhdave any prior (metatheoretical)

information about the intended meaning of ‘R’ ithaory of real numbers (e.g. about
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its real cardinality), there would be no way to discrimmatway Skbdlem's countable
model asnon intended.Likewise, if we are not allowed to specify any tadar non-
structural property of the intended model, how @pé&land’s wall supposed to “know”
that, unlike Searle’s, it is not intended to impérhthe Wordstar program?

The restrictions imposed by the PMR on the possepecifications of the
implementing mediums act on two levels on abswactAt the most abstract level they
require that absolutelany kind of physical property should, a priori, be mble
candidate for implementing a given computationalestThis kind of liberalism, that we
have called absolute liberalism, opens the wayrting antirealist arguments (those to
the effect thatiny computational structure is instantiateddmy physical object). These
arguments, in fact, exploit the possibility to cke@among the huge variety of physical
properties instantiated by any macroscopic objetitham’'s own diagnosis of the
problem of vacuousness, for example, points atrteed to “restrict the class of
allowable realizers to disjunctions of basic phgbistates [...] which really do (in an
intuitive sense) have something in common”. [Putr{a®88): 100].

But even once a certain kind of property, say éleatoltage, is selected as the
relevant candidate kind of implementing propertyeré still remains a degree of
arbitrariness as to how to build the groupings alugs that are to be mapped onto
abstract computational states. Weak antirealisuragmts typically exploit relative
liberalism, i.e. the possibility to group arbittgriphysical states within the selected
class of candidates. M. Scheutz, for example, ebsethat “if no restrictions are
imposed on groupings of physical states, then simfihite, deterministic physical
systems [...] can possibly be seen to implement cexpfinite, and non-deterministic
computations.” [Scheutz (2001): 551].

In a number of recent publications, O. Shagrir (20Q007) has proposed a
compelling example of the under-determination oplementation that also exploits
this second level of arbitrariness. It is worthgeneting it briefly. Consider a device that
receives 0-100 mV inputs from two channels, and®wroltages within the same range
from an output channel. Suppose further that thicdeemits 50-100mV signals just in
case it receives 50-100mV signals on both inpuhohB and it emits 0-50mV signals
otherwise. It would be tempting to assign “0” aklael to 0-50mV signals (input and

output), and the label “1” to 50-100mV signals. @nthis assignment, the structuralist

® Cantor's theorem is of course true also in Skal@miintable model.
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would be ready to say that the device is implenmgnin AND gate. Now, without
changing these assumptions, suppose further teati¢hrice emits 0-25mV when it
receives 0-25mV signals on both channels, and 25v¥5@hen it receives 25-50mV on
both channels. Assigning the label “0” to 0-25myr&ils and “1” to 25-100mV signals,
the very same device can be seen as implementitiRagate.

Let me summarize what was said so far. On one #iéeneed to tackle Newman'’s
problem forces any structuralist account of insédiain (including structuralist accounts
of implementation) to suitably restrict the candéddomain of instantiating properties
(in order to avoid vacuousness, or excessive liisena On the other side, the PMR, in
the case of implementation of computational stmastuplaces constraints to what these
restrictions should amount to. In particular, suestrictions should not make reference
to anyspecificdomain of physical properties.

The computational realist, in other words, mustefabe following insidious
dilemma. Either (a) she introduces semantical pas (that restrict the possible
interpretations of the abstract structures) inatiempt to individuatenly the intended
models of her theory, thus running the risk ofifiglto captureall the wanted models;
or (b) she holds onto the structuralist view of pomational theories, in the attempt to
captureall the intended models, thus running the risk of wapg also unintended ones.
This dilemma presents structuralist accounts ofementation with a bill that, | argue,
they cannot afford to pay.

As anticipated, my view is that the only viableioptis to require that the candidate
implementing states (or groupings of states) bericesd to items that instantiate
intentional properties. Before turning to a cladfion and defence of this thesis,
however, | will discuss another option, functiosalkccounts. | shall argue that they are
just as unsuitable to meet Newman'’s challenge.

4. Functionalist accounts of implementation

Acknowledging that structuralist accounts are ulaklé to capture all and only the
wanted models of computational theories, some asithely on functional analysis.
After all, the way computational states are indinted by the relevant community of
experts (computer scientists, hardware engineeds camputational neuroscientists)
relies on the ascriptions of functional roles tce thiarious parts of computing
mechanisms.

12



Functional analyses and explanations make referéacéunctional properties,
abstracting from the specifics of their implemeiotat and are thus prima facie suitable
for satisfying the multiple realizability constrairwhether something is a carburettor,
or whether something is a heart, for example, dugsdepend on physical makeup:
carburettors and hearts are what they are becdusiee dunction they serve in the
overall mechanisms in which they are embedded €ets@ly combustion engines and
circulatory systems). Similarly, whether somethis@ memory cell or not, or whether
something is an input device or not, accordingutacfionalist accounts, depends on the
function the item has in the overall computing madbm to which it belongs.

Piccinini, in a series of recent papers, has pregos functionalist account of
implementation according to which “the central idea to explicate computing
mechanisms as systems subject to mechanistic et@anBy mechanistic explanation
of a systemX, | mean a description of in terms of spatiotemporal componentsXpf
their functions, and their organization, to theeeffthatX possesses its capacities
because of howK’s components and their functions are organized] Computing
mechanisms, including computers”, he goes on taerdgare mechanisms whose
function is computing”. [Piccinini (2007a): 506-H0

Setting aside the serious philosophical diffic@tencountered in providing a realist
account of functional properties in general, | Eltancentrate on a problem that is
restricted to computational functional properti€ge functional properties of an item
are typically defined in terms of the physical etethat that the iterought toyield.
Thus, for example, carburettors are defined ascdsvihat blend air and fuel for an
internal combustion engine, and hearts are defasedrgans that pump blood in blood
vessels. Although both carburettors and heartdeamade of different stuff, the effects
that they (ought to) yield are characterized by imgkeference taspecific physical
properties, or at least to restricted disjunctiohphysical properties.

It could be argued that “blood” or “fuel” are noames of natural kinds: not all
bloods, for example, use haemoglobin to carry oryged not all fuels share the same
chemical composition. But whether a fluid carriesygen or whether it enters a
combustion cycle as fuel, are objective matterfaof specified by the relevant classes
of physical phenomena. Thus, as Craver observdbe“‘heart cannot expel blood [...]
without blood, and the expulsion of blood will ontyrculate it [...] if the veins and

arteries are appropriately organized.” [Craver @064]. It is obvious that if blood was
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defined as whatever it is that is pumped by hedhnisn the functional definition of
hearts as organs that pump blood would be pateimtylar.

Computational properties, | shall argue, are arptinsuitable for being analyzed in
purely functional terms. Because of the PMR comstrgurely functional accounts of
computing systems are bound to be either circutapast of an infinite regress of
functional descriptions.

The first task of a theory of implementation is tthaf providing physical
counterparts for the letters of the abstract alphabhe candidate physical counterparts
of the variables in other mathematical structusesh as other mathematical dynamical
systems, we have seen, are physical magnitudels, asutight intensity, or mass. But
what is a candidate physical “letter”? What is adidate physical “alphabet”?

According to the functionalist account, a set oygbal items (a state, or an entity)
counts as an implementation of an alphabet (i.¢h@sntended interpretation &fand
Y, in our example), if and only if it functions asch for a physical system that realizes
the appropriate transformations (i.e. the systerhese states, or groupings of states,
realize the se). But what is it for a set of entities tonction asa system of letters?

According to Piccinini “[a] system of digits [i.@hysical counterparts to the letters
of an alphabet, nda] is individuated by the digiitsictional roles within a mechanism.”
[Piccinini (2007): 510] But how can we define suokes? How are the relevant parts of
a computing mechanism to be defined? “Input devjceontinues Piccinini, “have the
function of turning external stimuli into string§ aigits” [ibid.: 514]. The latter are then
passed onto other processing components, that “tmevéunction of taking strings of
digits as inputs and returning others as outputsraling to a fixed rule defined over the
strings” [ibid.: 514]. Now, unless we add to thebaracterizations some necessary and
sufficient condition for a mechanism fanction that way, e.g. for a set of states to
function as a system of digits, or for a mechanisrfunction as a memory cell, these
and similar definitions are bound to be circular.

If an item X (a set of states, a class of groupiogstates, or a set of entities) is a
system of digits if and only if its elements hahe function of being output from an
input device and input to a processing componémn tan input device would be a
mechanism that has the function of outputting thgats of an input device (whatever
these are). Similarly, a processing component wbaldefined as a mechanism that has
the function of taking as inputs the inputs of @$ging components! In sum, either the

chain of functional descriptions of the componerft& computing mechanism can be
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interrupted by introducing an element characterinetgrms of property-specific inputs
and outputs, or the whole functional architectuik lve trapped in a functional marry-
go-round.

Piccinini concedes that “[t]he resulting accounh@t intended as a list of necessary
and sufficient conditions, but as an explicatiortie properties that are most central to
computing mechanisms.” [ibid.: 508]. But, | argagy attempt to produce such a list
would either make the circularities described abexgplicit, or it would violate the
PMR constraint.

Consider, for example, the following general fuoctl constraint proposed to
discriminate computations from other kinds of metsms: “[ijln a computing
mechanism, under normal conditions, digits of tleme type affect primitive
components of a mechanismsafficientlysimilar ways that their dissimilaritienake
no differencdo the resulting output.” [ibid.: 510]

The crucial difficulty, here, is that while the wdifence between two inputs is a
matter of objective fact, whether such differentso anakes a differencdepends on
who or what is to notice the difference. This pawas made very clearly by A. Turing
in a seminal paper. “[D]iscrete machines”, he ciifiare the machines which move by
sudden jumps or clicks from one quite definite esttd another. These states are
sufficiently differentfor the possibility of confusion between them te ignored
Strictly speaking there are no such machines. Enieny really moves continuously.
But there are many kinds of machines which paofitably be thought of a®eing
discrete state machines.” [Turing (1950): 36, mypkasis]. The question, of course, is:
profitable to whom?

The following example should help to clarify whyethequirement that digits of the
“same type” affect computing mechanism in “suffidlg similar ways” runs the risk of
being vacuously or too liberally satisfied. “[IJivd inputs to a NOT gate”, argues
Piccinini, “aresufficiently closeo a certain voltage (labeled type ‘0’), the ougpinom
the gate in response to the two inputs must beotibgesdifferent from the input
voltages butsufficiently closeto a certain other value (labeled type ‘1’) thhaeit
difference does not affect further processing Iheptogic gates.” [Ibid: 511]

There are two problems here. First, a restriotibthe candidate label bearers to the
magnitude voltage cannot be inbuilt to the notidniroplementation, for familiar
reasons (absolute liberalism). This problem is toobe considered as an exercise of

armchair philosophy. The debated computationalistat neurons is particularly apt to
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expose this difficulty. Neurons have been alwayssaered as privileged candidates
for implementing memory cells. It is certainly pids, in fact, for all practical
purposes, to type-identify neurons according totiwrethey are activated or not. The
hypothesis that they act as flip-flops, howeverstrface a number of challenges. To
mention only a few:
1.Itis the frequency of firings within a neurondamot the mere presence of action
potentials, that is relevant in causally influemcthe behaviour of neighbouring
ones.
2.The effect of the same type of input to a newtenges substantially depending
on where in the receiving neuron the input is pésse
3.There are properties of neurons that must berariby disregarded in order to
treat neurons as flip-flops (e.g. facilitation, iagtion and learning).

What counts is whether these “deviant” propertess lseneglectedr disregarded
for the purpose of computational analysis. But thepends, in the first place, on the
choice of candidate label bearers among the vaokphysical properties that neurons
instantiate. McCulloch and Pitts, for example, waweare that there are properties that
alter the response of neurons and that would dishfiggaken into account, their
treatment as bi-stable devices. Nevertheless, ttimyght that these properties need not
disrupt the formal (computational) treatment of #loéivity of neurons: “[t]he alterations
actually underlying facilitation, extinction andalaing in no way affect the conclusion
which follows from the formal treatment of the &t of nervous nets, and the relation
of the corresponding propositions remain those lé togic of propositions.”
[McCulloch and Pitts (1943): 352]

Other authors, instead, think that the above meatid‘deviant” properties block a
plausible treatment of neurons as binary memoris:.cdtlhe principles of computer
memories can hardy be realized in biological orgasi [because] all signals in
computers are binary whereas the neural signalsuaswp@lly trains of pulses with
variable frequency.” [Welles (1998): 200]. It iseal that purely functional
considerations do not suffice to settle this cordreial issue.

Similarly, whether the two inputs to the NOT gate Riccinini’'s example are
“similar”, or whether the respective responseshefmechanism are “sufficiently close”
to each other - hence whether the mechanism intiqones in fact a NOT gate -
depends, in the first place, on what physical nagles are selected as candidate label

bearers.
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In the second place, even if the physical domaicamididate label bearers could be
suitably restricted, there would still remain a swe@ of relative liberalism that cannot
be eliminated by adding purely functional constisir{[EJven a slight change in the
grouping of a single neural property”, argues Sindgr example, “can completely alter
the logical operatorswe take the brain to implement. Under a groupingd<&0mv
neural activity into groups of 0-25mv and 25-50rttw resulting logical operation is
AND, but under a grouping into 0-15mv and 15-50moups, it is OR.” [Shagrir
(2005): 240].

This perspectival aspect of causal role ascriptisrieen considerations that fix the
relevant contexts are not allowed, is largely agkedged, and is not restricted to
computational properti€s“Even slight differences in mechanistic contextfjnks
Craver, “entail different mechanistic role functsorj...] Judgements of ‘sameness’ in
these cases depend upon an agreed-upon tolerardieecdity among tokens within
types.” [Cravel(2001): 73]

Piccinini is right, I think, in noting “that the levant community of scientists can
identify a mechanism’s functionally relevant compots and properties” [Ibid: 508].
But hardware engineers, unlike philosophers of attatjpn, are never faced with the
daunting task of individuating the parts of a sgsteithout knowing what they are
made of, or even without knowing what they are spatly supposed to be doing.
What is playing the role of what, in all practicaienarios, is already established in
advance: the problem for engineers is that of emguhat a given part is yielding the
desired effects, as these are specified by theisipal properties. It is relative to these
practical, context-dependent considerations thad lprofitable” to think of a given
processing component as performing a certain caatipatl function. “Describing an
item's mechanistic role”, argues Craver, “is a pectival affair. This perspectival take
on functional ascription should be a reminder tkdiat we take as functional
descriptions can be tinged in a very direct wayohby interests and biases (see e.g.,
Amundson 2000; Gould 1981).” [Craver (2001): 73pwHcan Piccinini reconcile this
perspectival take on mechanistic descriptions witd purported objectivity of the

computational properties that they ought to ground?

8 For a detailed analysis of the problem of liberalis functionalist accounts see N. Block 1980 and\/ir (2001). Weir argues
that functionalist accounts based on D. Lewis’ gsialfall prey of the chauvinistic horn of the dilma, while other accounts fail to
block excessively liberal implementations.
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In the next section | consider the third categdraacounts of implementation, that
of semantic accounts, arguing that it is the omlg that complies with the desiderata of

computational realism.

5. Semantic accounts of implementation

There are at least three theses that deserve #iécation of semantic accountsf
implementation. The first one - which | will calb8or’s thesis (FT henceforth) - is the

conjunction of the following two claims:

FT1: Computations are defineyer representations.
FT2: The semantic properties of the representatiors which computations

are defined do not have an impact on the individnatf computational states.

FT1 must be understood as the claim that all coatjmmal states, qua
computational states, possess semantic propeirgesh@at they are representations). In
other words, given the information that a physgtate (or grouping of physical states)
implements a computational state, it is analyticirtfer that it possesses semantic
properties, i.e. that it represents something.

FT1 is not committed to any specific kind of re@m®stion. In particular it is not
committed to the claim that computational stateg #&analytically) conceptual
representations. Part of the original allure of patational theories was their alleged
capacity to vindicate folk-psychological explanaso To this purpose, conceptual
representations become a necessary ingredienm@stt current computational theories
are used to explain cognitive capacities that eatyire that the implementing system
possesses perceptual representational capacitig®utvpresupposing that the system
possesses also the concepts that would featured@saiption of the content of these
representations.

FT2 should be understood as the claim that plaeticular content of the
representations over which computations are defames not have an impact on the
individuation of computational states, or on theausal properties. Thus, according to
FT, computational states are individuated by tipdiysical (non-semantic) properties,
and act upon each other in ways that depend sofethese. Théocus classicusf FT

is Fodor’s contention that “computational processesboth symbolic and formal. They
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are symbolic because they are defined over repiesmms, and they are formal because
they apply to representations, in virtue of (royyhhe syntax of the representations.”
[Fodor (1980): 64].

The second thesis that goes under the umbrella emhastic accounts of
implementation - call it Shagrir's thesis (ST) - asconjunction of FT1 with the
following two claims:

ST 1: The contents of the representations over whichpedations are defined
have an impact on the individuation of computatictates. But...

ST2: Itis only the formal, logical or set-theoretensantic properties that have
an impact on the individuation of computationatesa

Formal semantic properties are second-order priegast semantic ones. Consider,
for example a representation of the cond#atk dog Among its semantic properties, is
its content: this is, say, the extension of thecep But a representation of the concept
black doghas also the (second order) property of represgrltie intersection of two
sets: that oflogswith that ofblack things Second order, formal properties of the latter
kind are shared by many representations that doshate any first order semantic
properties. It is this kind of properties, and nmete former kind that, according to ST2,
has an impact on the individuation of computatiostates. In what follows we shall
refer to the former kind of semantic propertyfiast order contentand to the second
kind (formal semantic properties) sscond order content

The third semantic thesis that we shall consideBusge’s thesis (BT). It is the
conjunction of FT1, ST1 and the following claim:

BT1: It is the first-order contents of the represeantet over which computations

are defined that have an impact on the individuatibcomputational states.

Let me summarize this articulation of semantic aote of implementation. All the
theses mentioned share the assumption that congm#atare definedover
representations (FT1). It is because of this thay tall deserve the qualification of
semanticaccounts. ST and BT share the further assumpliah the contents of the

representations have an impact on the individuatiooomputational states (ST1), but
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they disagree as to whether it is first-order con{®T) or second-order content (ST)
that has such an impact.

Let us now consider in turn the reasons offereduipport of each of these theses.
The main reason for endorsing FT1 stems from treemation that computations are
always computation®f something, as representations are always repegserd of
something: it doesn’t make any sense to talk obmputation without assuming that
there is something that is being computed; asesdwt make any sense to say that an
entity is a representation without assuming thatehs something that it represents.

Another way to express this intuition is to sayttkamputations are typically
conceived of as a kind of information processinghdugh there is no agreement as to
what carrying information amounts to, it is undisggl that information must be
information about something. Representations have the essentialegyopf being
aboutsomething, and are thus the most natural candigetebearers of computational
properties.

It is not trivial to turn the above consideratiant an argument in favour of FT1.

The following, though, is a promising candidate:

1. Computations are individuated by the functions cotag
2. Functions are specified semantically, therefore

3. Computations are (at least in part) individuateuaetically.

It is worth spending a few words about the premisds this argument.
Computations, we said, are always computatafres function. To describe the function
computed by a system, is to characterize that syste terms of what it “does”.
Consider for example Marr and Hildreth's (1982)cdi@sion of what the retina “does”
when performing the task of edge detection. Acewydd the authors, the edges of an
image are detected by signalling sharp intensiingles. These, in turn, are signalled by
zero-crossings of the two-dimensional intensityagsrthat are input to the retina (i.e.
points where the intensity functions change thiging). Thus, the idea is that the retina
receives as inputs the intensity arrays I(x,y) aathputeshe positions of their zero-
crossings. “I have argued”, says Marr, “that fronccamputational point of view [the
retina] signalsv2G = I (the X channels) and its time derivati2¥.¢+L (the Y channels).
From a computational point of view, this is a psectharacterization of what the retina
does” [Marr (1982): 337, my emphasis].
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So, according to the authors, the retina “solvég’ problem of edge detection by
implementing the functiorv2G. The authors are well aware that the retina “daes”
whole lot of other things, but what counts is wieettvhat the retina is seen as doing is
also relevant for a computational description of'@f course”, continues Marr, “[the
retina] does a lot more - it transduces the lighgws for a huge dynamic range, has a
fovea with interesting characteristics, can be rdoasund, and so forth. What you
accept as a reasonable description of what thearetboes depends on your point of
view. | personally accepV?G as an adequate description, although | take an
unashamedly information-processing point of viefibid.]

Thus Marr thinks that what individuatV?G as an appropriate description of what
the retinadoes(among all the other functions that it might imgiate), is the fact that its
outputs (the X and Y channels) are reliably coteglawith salient features of normal
environments, such as the sharp boundaries ofl diggacts. The outputs of the retina,
in other words, carry informatioabout the environment; and if it wasn’t for this, it
would not be possible to takv2G as a “precise characterization of what the retina
does”

Does the above example (or similar ones) proviggast for FT1? There are three
opinions about it. According to the first one, pyh the majority view, it does. Thus,
for example, Burge, Peackoke, Davies, Churchlaeejdsvsky and Shagrir, share the
opinion that the above argument supports the thleaiscomputations are operaticons
representations. They disagree as to whether thiermoof these representations have
an impact on computational individuation; and theg®o think that it does further
disagree about which particular features of contérgt- or second-order, broad or
narrow) have such an impact. Here, however, ouc&onis evaluating FT1 in its own
right.

The second stance about the argument, advocatecx@mmple by Egan and
McGinn, is that these examples show that computalicstates can be seen as
essentially representational only in an “unusuaf’wkgan thinks, for example, that the
retina can be seen as implementing the funcv2G « I whether or not its inputs and
outputs carry information about distal stimuli.dome sense, the intended interpretation
of the states of the retina is mathematical. “[T]tmeory of the computation is
intentional in the following sense: it does specdy intended interpretation of a
computational process - the intended interpretasonathematicalThe topmost level

of a computational theory [Marr’'s “computationavéd’, or Newell's “semantic level”,
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nda] characterizes the system as computing a seariesunctions defined on
mathematical entities. | am quite happy to say ghadbmputational theory is intentional
in this rather unusual sense.” [Egan (1995): 1&3tnote 8]

As we have discussed at length in the previousicssest however, because of
Newman’s problem, mathematical representationsestt@t representing something
(hence succeed at being representations at ally, ibconstraints are placed on the
interpretations of the symbols, over and aboveetkistence of isomorphic mappings.
Thus, the knowledge that the retina implementsftinetion V2G = I, short of further
specifications, is no knowledge at all. But, ashage discussed, the kind of constraints
that are typically adopted in standard mathematiegresentations of physical
properties are not allowed in the individuation obmputational ones. As a
consequence, | argue, there is no sense in whicit ef further constraints, the retina
could be seen as “representing” that mathematinadtsire.

Finally, there are authors who think that thesengdas do not provide any
evidence whatsoever for FT1. Piccinini, for exampthinks that these alleged
arguments from the semantic specification of thenmated functions commit the
following fallacy. It may be conceded, the couatgument goes, that computations are
defined by the functions computed. But functions ba individuated in two ways: as
defined (semantically) over the contents of theutspand outputs that enter the
computations (e.g. numbers, when the function cdetpis an arithmetical operation);
or over the strings of inputs and outputs themselgeg. the numerals). The latter,
according to Piccinini, are strings of symbols wuidiiated by the physical types to
which they belong, independently of the content thay may be seen as having, or
indeed independently of whether they do have aerdrat all. The characterization that
is relevant for individuating the functions comptéhinks Piccinini, is that based on
symbols, not that based on their putative content.

Now, Piccinini is certainly right that a functiomrt be defined over the inputs and
outputs themselves, but this is not a differentratizrization of thesamefunction: it is
a different function altogether. This is true refjess of whether the arguments of the
latter function can be further seen rapresentingthose of the former one. If FT1 is
true, the individuation of the function defined oube strings of inputs and outputs
requires that the strings of symbols be themsehggsesented. Thus Piccinini’'s
contention that the function defined over the gsinf input and output digits does not

require that these be themselves representedtlegsiestion against FT1.
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The point | am making can be better appreciatedcdaysidering the following
example. There are computations that are not anenala straightforward semantic
interpretation. One such computation is represeiyetie following machine
table’:

@ 1

Ql 1’qZIR @1q11|-

Q|1 L | 1 R

Qs|1,q,L| 1, gL

Q4 11 hl R 17 %' R

Q5 1’Q1:R @1qZ’R

The input architecture of this machine only possedsvo symbols: @ and 1. Its
internal structure comprises only five states:tg, 0z, i, G. If Started in state;oqon a
blank tape, in spite of its simplicity, the machinas been proved to halt only after
23,554,764 steps. Considering how simple the mach# this result is rather
remarkable! What interests us here is that thishineccomputes a function that appears
to have no straightforward interpretation. What Ildok and @ be systematically
interpreted as referring to, in order for the cotation to make any sense? Piccinini has
argued that cases like this prove that FT1 mudialse. If there are machines whose
input architecture is not amenable day interpretations, the thesis that inputs and
outputs must be representations is reduced ad dcibsurf 1 and @ in the example
above cannot be interpreted as representing agythow could they be representations
at all?

Now, because the symbols that feature in the taleve have no possible
interpretation, the function that individuates ttmamputations must be that defined over
input- and output-types: true. Piccinini exploitsstfact to argue that there are cases
where input- and output-types are not (and coutdoed representations. In spite of the
absence of representations, the argument goes,cdhgutation above can be
individuated and implemented, hence FT1 must Isefal

But, | argue, if you did not “see” that the toké@” and “1” that you have just read

in the table above, are intended to “refer” to efiéint input- and output-types, the

7
The discovery of this algorithm is due to J. Buokrand H. Marxen.
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computation would not be univocally individuatednleéss we presuppose that FT1
(which is the thesis at stake in the argumentglisef in fact, it can be argued that the
only way to fix an intended model for the realipatiof the computation is by deploying
semantic properties that are identical (or isom@)pio the ones you have just deployed
to interpret the machine table abovetlzat machine table. It does not suffice that you
are able to type-identify @’s and 1's by their shaphe expression “the shape of @”,
by itself, in fact, is insufficient to individuatny particular feature of that mark of ink.
You are also able to type-identify the same tweetskaccording to categories that cut
across the ones to which @’s and 1's belong initiendedinterpretation of the
computation. For example, both @’'s and 1's are gquall marks. If the relevant
discriminatory criterion were height, the algorithspecified by the table would be
reduced to computing the identity function. Redlygical computing systems stand in
exactly the same position as the abstract, inble tabove: what a systedoes from a
computational point of view, can only be individe@t by bringing in semantic
considerations.

Similarly, a description of the process of arithivet addition presupposes a
description of the relevant mathematical symbdis (tumerals, the sign “+”, etc.), over
and above the algorithm to be implemented. It isfiam obvious that we could ever
perform an addition if we did not have represeateiof these symbols. Just as an
operation over numbers (1,2,... etc.) requires thatmanipulate the names of these
numbers (“1”, “2"... etc.), an operations over thamarals requires that we manipulate
the names of these numerals. Indeed it could lgriedr that we acquire the
representations of the numerals, and learn to métgthem, long before we come to
understand what they are intended to represent.

Let me conclude our discussion of the virtues of With a summary. Arguments in
favour of FT1 are, | believe, not definitely corsle. It is in fact possible that some
other properties (other then representational omaght turn out to serve the same

individuating role. Our analysis, however, allovesta draw the following conclusions:

1. The non-semantic individuating properties proposethe literature are not
viable. Both purely structural and purely functibpeoperties, | have argued,
do not comply with the relevant desiderata.

2. A-priori arguments against the semantic indivitwat(like the one from

uninterpretable Turing machines), are inconclusive.
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Arguments in favour of FT1 sometimes proceed frbm ¢laim that content has a
role in the individuation of computational statas:only representations have contents,
if contents impact the individuation of computaabrstates, computational states are
essentially representational (FT1). As | said, atiog to both ST and BT the content of
representations has an impact in the individuatmbncomputational states (ST1).
Arguments in favour of ST1 (both those accordingvtoch it is first-order content and
those according to which it is second-order conteat matters) proceed from the
observation that computational explanations makieraducible recourse to content.

Burge, for example, has argued that Marr's theofyvision makes essential
reference to the (distal) content of perceptuatesgntation. His aim was to show that
the theory is not individualistic (that the content question is broad, rather than
narrow). Here, however, we are only interestechengart of the argument that purports
to show that content (rather then other propedfake input architecture) has an impact
in the individuation of computational states. Aating to Burge, “[Marr’s] theory
makes essential reference to the subject's distalls and makes essential assumptions
about contingent facts regarding the subject's ipAly®nvironment.” [Burge (1986):
29]. The information carried by the representatiomsr which Marr's computational
theory is defined is individuated by these distahsli. If these were different, Burge
continues, the information carried by these repredmns would also be different, even
with no variation in the internal physical process# the implementing system. He
thereby concludes that Marr's computational theexplains the relevant behaviour
only if the individuation of the postulated (comatibnal) structure is constrained by
the (broad) contents of the proximal stimuli.

Various authors have objected (correctly, | thirtkgt while it may be that (broad)
content is a necessary ingredient in accountinghferexplanatory capacity of Marr's
theory (Butler), or for its intuitive understandiglyi (Egan), this does not suffice to
show that such content has an impact on the ingatidn of the computational
structure implemented. The locus classicus foringsintuitions about this issue is
Davies’ example of the Visex system.

The Visex is a (fictional) component of a visuast®m. As the theory is concerned
with explaining someparticular visual cognitive behaviour, say edge detectioh, al
explanations based on it will make reference toes@@ature of the visual environment

of the system. Now, suppose that there is a subopem of the auditory system, call it
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the Audex, that is intrinsically identical to thes®x (it is a molecular twin of the
Visex). As the Audex is part of the computationalisture of the auditory system, in
explaining the auditory behaviour of the systeng theory will make irreducible
reference to its auditory distal environment. Are Audex and the Visex, under these
circumstances, implementing the same computationspite of the fact that their
respective representations have different broateots?

Burge, in compliance with BT1, answers in the negatthe Visex and the Audex
implement different computations. Most authors, beer, disagree with Burge on this
point. Egan, we have seen, thinks that the onlyteat” that computational states need
be assumed to possess, is mathematical contens, @hoording to Egan, the Audex
and the Visex implement the same computationatttra by virtue of the fact that (by
hypothesis) they both instantiate the same matheahdtinctions. While, as | have
argued, Egan thus places computational descriptibadevel of abstraction that fails to
achieve an adequate degree of individuation, ktkivat considering the Visex and the
Audex as implementing different computations woplace the computational analysis
of the system at the opposite, but equally wroeggll of abstraction.

It could be conceded that if the Visex was appligtiltered, to an auditory slot, the
different nature of the distal stimuli would detémm a shift from a description of a
visual cognitive system to a description of an #rgli system, without this implying
that the system implements different computationghe two cases. A computational
theory of vision, like Marr’s theory, in fact, needt be taken to be “computational” in
the strong sense that it appeals solely to computdtconcepts. What makes of Marr’s
theory a theory ofision (as opposed to a theory of audition), in otherdspneed not
be anything that has to do with what makes of Matineory a computational theory
(see Butler 1996).

In sum, while the above considerations do not auie(a-priori) that in some cases
content may have an impact on computational ind&imn (ST1), they appear to
lessen the plausibility of the hypothesis thatfosler content always does (BT1).

We are thus left with the last proposal that wemisdiscuss: that it is second-order
content that has an impact on computational indizighn. Shagrir, who shares with
Burge both FT1 and ST1, also thinks that the Viaer the Audex can be seen as
implementing the same computation. But this, heuesg is the case only if the
mathematical (logical or set-theoretical) properixd the distal stimuli are taken to be

identical in the two cases. We have seen that dogprto Marr's model of edge

26



detection, what the retindoesis appropriately characterized by the formv2G « I.
The formula describes the relation that obtainsveen the (electrical) activity of the
photoreceptors that input the retinal imdgey) and the (electrical) signals that reach
the edge detectors. But this fact alone, arguegrBhaloes not explain why edge
detectors carry information about the boundariedisifl objects.

Indeed, | add, this fact alone doesn’t suffice tovp that the electrical activity of
the retina implements any computation at all. Whatrucial, continues Shagrir, is that
the mathematical properties in question mirror thathematical properties of the
represented items (e.g. the relation between obmatdaries and sharp changes in the
intensity of reflected light). This is not only aial in accounting for the fact that
Marr’'s theory of edge detection is indeed a theoiyedge detection, but it is also
crucial in determining what the retimes(computationally) in a sense that cuts some
ice. The retina, in fact, may be seen as havingyneéimer implementational capacities.
Had the second-order content of the representabiean different, the retina may well
have been seen as actually implementing anothepwaiation.

| think - although Shagrir is not explicit on thi®int - that the thesis expressed
above (ST2) has the consequence that, if the maitieah properties of the
photoreceptors/edge-detectors system didn’t mitrermathematical properties ahy
represented domain, the system would not be seenpdsmentingany computation at
all. This point deserves some arguing, for it isc@l for assessing whether Shagrir's
arguments can be used to argue in favour of FTibor

As we said, Shagrir's argument proceeds from therckthat sometimes the same
physical system can be seen as potentially insté&mgi various syntactic structures.
Each of these is potential computational structure. In these cases the secaiet
contents of the representations select which ofetipotential structures isactually
implemented. But even if we concede that this é&sdhse, there still remains a crucial
guestion to be answered. Suppose that the physicpérties of a system were such as
to reduce the number of potential implementatiangxactly one: could we then say,
contrary to FT1, that that one computational stiectscertainly implemented by the
system?

Piccinini thinks that Shagrir's arguments, whilerlpgs more stringent that other
arguments for a semantic account of implementatimake life a lot easier for
functionalists. Shagrir, infact, according to Pmggi, has made a crucial concession.

The functionalist notion of implementation, althbustill slightly too liberal, is seen as
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being capable of constraining the number of poa¢mtnplementations to only a few.

Typically, Shargir's examples mention only two. \i¢htihis is certainly due to the need
for clarity, there is no doubt that Shagrir's tlsess very far from the radical

vacuousness claims made by Putnam and Searle.

Piccinini’s response exploits this alleged conees$o blow what he thinks is a fatal
stroke at semantic accounts. Functionalist accoimetsoncedes, would indeed be too
liberal if we construed functions in a narrow seree excluded all reference to distal
properties from the individuation of the relevanndtions, that is, then Shagrir would
be right: functional descriptions would indeed umld¢ermine the computations
actually implemented by a system. But, thinks Piccinini,wié allow for a broad
construal of functional properties, such liberalisnuld be avoided.

While it is certainly true that broad individuatiar functional properties does not
entail individuation based on broad content, | khificcinini’'s move does not warrant
the assumption that broad functional properties ¢en safely applied to the
individuation of computational ones. Remember, acttf that the troubles with
functional individuations of computational propestithat we have discussed in the
previous section have to do with the need to comptiz conflicting desiderata. None
of these, | shall argue, rely on a narrow (as opgot broad) individuation of
functional properties.

| have argued that neither purely structuralist porely functionalist accounts of
implementation succeed at restricting the class cahdidate label bearers of
computational states (CLB henceforth) so as to dawrAcuousness or excessive
liberalism. The analysis of their common patterrfafure allows us to formulate the

following desiderata for an adequate realist actofirmplementation.

1. If the account is to solve the problem of absolilteralism, the class CLB must
be restricted so as not to contaimy possible physical magnitudes (or groupings
of physical magnitudes).

2. If it is to solve the problem of relative liberatfis for any subclass of CLB
whose elements belong to the same type of physieghitudes, the restriction
must be such as not to contalharbitrary groupings of them.

3. Finally, if the account is to satisfy the principdé multiple realizability, the
restriction must not constrain the elements of GaBbelong (a-priori) to some

specifickind of physical magnitudes (or groupings thereby)
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As | shall argue, the difficulty encountered by dtianalist accounts does not
depend on the assumption that functional propettesconstrued as narrow. The
intuition that broad functional properties may setlhie purpose of individuating actual
implementations, thus rendering semantic propertiedundant, stems from the
observation that, if the individuation of compubatal properties is allowed to make
reference to properties that lay in the environpmémeén the fact that computational
theories make essential reference to distal stimalild not entail that these must be
represented

According to Wilson’s broad account of computatitor example, the problem of
absolute liberalism can be blocked by making refeseto the particular loci where
programs are supposed to be stored. “In responstheogrand epistemological,
scepticism-mongering question, ‘Of the infinite ruen of programs that a computer
could be implementing, how do you know that it ngplementingthis program?’, we
say: ‘It implements this one because it is this ¢m&t is encodedon the disk we
inserted.” (And since a physical disk is simply ayyee of storehouse for a program, we
could replace reference to a physical disk hereekgrence to anything else a program
is stored on.)” [Wilson (1994): 360, my emphasis]

The problem, here, just as with narrow conceptmrismplementation, is that unless
we further assume that all the potential “encodirgjsthe program share some (first-
order or second-order) properties, we are notenpibsition to specify where in the disk
the program is encoded. Of course Wilson’s broagstaints suffice to say that an
objectcan beused as a computer, but, | argue, not to sayittlsalbeing used as such.

| think that the crucial misunderstanding in thegtempts (narrow or broad) to
block unwanted models, consists in supposing #ratodingscan be individuated
without making reference to their representaticzagacities. As Millikan notes, “[i]t
does not help to be told that inner representatamesthings that have representing
(indicating, detecting) as their function [...] urdese are also told what kind of activity
representing (indicating, detecting) is. [Millikét989): 282-283]

The standard notion of “encoding”, although thisaeely stated explicitly, is based
on sheer factual correspondences. The mere fadt tteae are factual causal
correspondences between some properties of theadidkproperties in the proximal
environment of the processing unit, is implicithupposed to be sufficient for

individuating the encodings themselves (therebyviddating the program stored). But
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it is widely acknowledged that there are just toangnfactual correspondences between
everything and virtually everything else. The mpresence of factual correspondences
is only sufficient to claim that a given state hhe potentiality to be treatedas an
encoding.

Similarly, a broad functional construal of Marrteebry of vision would count some
distal features of the environment as parts of fimectional architecture. Thus,
describing a system as implementing Marr’s algarittvould require a (functional)
description of distal stimuli. But if the only cdraint that we place on these distal
features of the environment is that they be inUalkctorrespondence with the proximal
stimuli (themselves identified functionally in npnoperty-specific ways), then we have
placed no constraint at all. In fact, because ofidan’s problem, there will always be,
out there, some (unspecified) physical properties are in factual correspondence with
the (unspecified) proximal ones. The broad funaiatescriptions, in the case of Marr’s
theory of vision, for example, would have to indiwate the intended relation between
the boundaries of distal objects and the pattermteisity of the light reflected by
them. But could such individuation be possiblend potentialencodings of these distal
mathematical properties did nattually encode them? What if the are proximal stimuli
that are in factual correspondence with other, imb@nded, distal properties, without
encoding them?

The broad or narrow individuation of these promartis not the issue here. The
existence of unwanted models is due to the absdilbeealism in the choice of the
candidate label bearers. If the individuation ompuitational properties is allowed to
range over properties that are instantiated outideskull, the problem of absolute
liberalism is brought out in the environment tocheTgeneral problem is that the
procedure of Ramseyfication of theoretical componteti statements, short of further
constraints that ensure that they latch onto th&inded models, is going to be exposed
to the problem of liberalism, whether the candidadéerents of the Ramseyfied
properties are allowed to range over distal progedr not.

Another way to expose the indifference of the peablof liberalism to wide or
narrow characterizations of function is the follogi Wide functionalist accounts
include behavioural and sensorial data in the fanat architecture, in the hope to
block unwanted implementations. But if the prinegplof functionalism are to be
upheld, the properties of being “behavioural” orerfsorial” must themselves be

functionally individuated, and this requirementrigs us back to the same problem that
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broad functionalism was devised to solve: either regtrict the domain of possible
implementations, thus falling prey of the chauvwimiborn of the dilemma, or we fall
prey to the opposite horn, counting as “behavidumal“sensorial”, also what is clearly
not behavioural or sensorial. As Skinner once puftjhere must be defining properties
on the sides of both stimulus and response or tasses will have no necessary
reference to real aspects of behaviour” [Skinn@88): 35]. The problem is that these
“defining properties” cannot be themselves fundaibn characterized, on pain of
vacuousness. We have seen how this is the caseexmmple, with functional
characterizations of encodings.

In sum, purely functionalist accounts of impleméota will be dogged by the
spectrum of liberalism, wherever we chose to ptheerelevant candidate domains of

implementation.

6. Conclusions

| don’t think that there are currently any corsbhe positive arguments in favour of
semantic accounts of implementation. | argue, h@wnethat placing the issue of
liberalism of implementation in the broader framekvof Neman’s problem allows us
to draw the following conclusions.

First, the proposed diagnosis of the problem cérliism blames the PMR for the
proliferation of unwanted models, rather than tiermte (as opposed to continuous)
nature of digital systems. Of course the discretene of computational systems makes
matters worse as far as liberalism is concernedit fimcreases the cardinality of the
unrestricted set CLB. However, although most vasness arguments exploit the
discreteness of the set of label bearers, suchegreardinality should not be held
directly responsible, in itself, for the problem Idferalism. Even the realization of
continuous dynamical systems (e.g. the instantiatd the solutions of Maxwell's
equations), we have seen, would be too liberalt iiad to accommodate for the
unrestricted PMR.

Secondly, the semantic restriction of CLB, unlikee tones based on purely
structural or purely functional properties, candbgued to satisfy the general desiderata
of a theory of implementation. Remember, in fabgttwhile the need to avoid non-
intended models requires (as a necessary but fimiesot condition) that the class CLB
be restricted so as not to contafl sets of physical magnitudes (or groupings of

physical magnitudes), the PMR constraint requines $uch restriction be not based on
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any particular kind of (first- or second-order) physical properBestricting CLB to
entities that possess intentional properties capliith these apparently conflicting
desiderata. While virtually everything can be usedepresent everything else, in fact,
not everything isactually a representation. Thus, while a semantic resinctif CLB
does not constrain (a-priori) its elements to skargparticular physical property, it
ensures that at any given moment the extensionL&f k&= not the whole universe of
physical magnitudes and groupings of states. Hsisye said, is exactly as it should be.
Notice, for example that the thought experimentdhef kind proposed by Putnam or
Searle would be blocked at their onset by a semaesiriction of CLB. The states of
Searle’s wall, or Putnam’s microscopic maximalesain fact, are not candidate label
bearers (under a semantic restriction), for theguably do not possess any
representational property.

The third observation that is in order regards rilation between semantic and
other accounts of implementation. The semantic thgsis advertised in this paper by
no means entails that possessing representatioopénies suffices for implementing
computational ones. This is clearly false. Ratlilee, hypothesis should be stated as
follows. If the problem of liberalism is to be aded, a necessary condition for the
implementation of computational properties is thla¢ inputs and outputs to the
candidate implementing system instantisaetual intentional properties, whose
transformations can be systematically subsumedrungle (counterfactual supporting)
syntactic generalizations. The best way to capsuieh syntactic generalizations may
well require the realization of functional propesi Moreover, the isomorphisms
postulated by structuralist accounts will be seenetnerge naturally, when such
functional + semantic structures are implementeldera@fore, the semantic account
should not be construed as alternative to strulistirar functionalist ones, but as
complementary to them. For example, a mechanisigcacterization of input devices
will have to make an irreducible referenceactual semantic properties (those that
individuate the encodings). Once the set CLB is ttestricted, however, the particular
structure implemented may well be individuated byfuactional or mechanistic
description. When such a functional + semantic isgcture has been individuated, it
will be possible to map the implementing label leesionto their abstract counterparts,
as prescribed by structuralist accounts. The diffee is that while purely structuralist
and functionalist accounts provide a top-down ctia@r&zation of the relation of

implementation (from abstract to concrete systeras Ramseyfication), the semantic
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account fixes the relevant constraints at the botfsemantic) level, thus securing the
ground for the relevant computational abstractiote computational Ramsey
sentences will thus be true as a matter of cominfget, as opposed to being true as a
matter of logic. This is exactly as is should béether something is a computing
system or not, if computational properties are,remlst be a matter of contingent fact,
not logic.

Finally, although, as | said, it is not possibleptove thatonly semantic properties
can suitably restrict the class CLB, the other pega candidates certainly fail to
comply with the relevant desiderata. Moreover, Weéhaargued, standard a-priori
objections raised against a semantic restrictio@ld8 are inconclusive. | have argued
elsewhere that teleological theories of contenparéicularly apt to enforce a restriction
of CLB, but as far as the problem of liberalismcncerned, any successful non-
functionalist theory of content would be just astahle to deal with the relevant
desiderata. In sum, | argue, semantic accountsplieimentation are so far the best bet

on the board.
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