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1. Introduction
Fundiondism in the philosophy ofmind hoblstha systems with mental propeaties have
them in virtue of the systems' fundiond organization, and paticular mental states such as
pansand hops are functiondly individuaed internd dates. "Triviality arguments
agang fundiondism," as | will call them, hold tha the claim tha some complex
physca system exhibits agiven fundiond organization, orisin apaticular fundiond
state, is elther trivia or has much less content than is usudly suppo®d.

| group n this category a family of arguments with different ambitions An early
version is atributed to lan Hinckfuss, in discussion in the 1970s" The "Hinckfuss pal"
argument is often described by sying that abudet of water stting in the sun ha so
much causal complexity that, via a suitable categorization of gates, it can be taken to
realize the fundiond organization of a human agent. Searle (1990)gave atriviality

argument agang computationdism aboutthe mind, aserting that there would besome

* | am grateful to David Chalmers, Alan Hayek, Peter Koellner, William Lycan, Susanna Rinard,
Nick Shea, and areferee for the journal for very helpful comments on earlier drafts. The paper
also benefitted from audience comments during presentations at the Australian National
University and Oxford University.

! According to Cleland (2002), Hinckfuss argument was presented in a 1978 discussion of
computation at the Australasian Association of Philosophy. Lycan (personal communication) says
the discussion was during presentation of an early version of Lycan (1981) at the conference, a
paper which then appeared with a presentation of the Hinckfuss argument. Lycan treats the
argument as something different from atriviality argument in my sense, however; Lycan says the
bucket of water might, by chance, come to realize a human's functional organization over some
interval.



legitimate way of interpreting his wall as running the program Worddar, or any other
computer program. Neither Hinckfuss nor Searle gave proofs of these claims.

Putnam (1988)gave two arguments. The more important oneclaims that
fundiondism collapses into logical behaviorism. Once we know that a system has the
inputoutput propeaties assodated with some paticular functiond organization, we know
tha it can beinterpreted as having tha fundiond organization a well. Putnam did offer
proofs. Chadmers (1996)criticized Putnam's arguments but developed sveral
modificationsof them. He takes some of these arguments to have surprising mndusons
but denies that they endangea computationdism or fundiondism aboutthe mind.
Copdand (1996)gave aformal treatment of Searle's argument.

So ome of these arguments take fundiondism as ther target, while others focus
on computationdism. Some are given with proofs, while others rely on intuitions Some
condudethat afundiond or computationd description is entirely trivial, when goplied to
a sufficiently complex system, while others condude only tha fundiond descriptions
collapse into behavioral descriptions

Given thethreat tha such aguments po<, it is surprising howlittle they have
been discussed, especialy as the maingream functiondist literature does not use accounts
of therealization of functiond structures tha make it clear tha triviality problems do not
arise. Many accounts of redlization ugd by functiondists are so shematic tha it is
uncertain howthese problems are handled.

Here | examinethe problems posed by such aguments for maingream
fundiondism in phiosophy of mind. The discussion @vers functiondist account of
both "folk" and ientific psychological propeties, butthe andysis of computation is
regarded as a separate question? | dso do notcondder teleological versionsof
fundiondism tha undestand fundion in arich biological sense.® The discussion is
restricted to what mightbe called "dry" functiondism, of the kind seen in Fodor (1981)

2 Although it is difficult to say exactly what computationalism about the mind is committed to, it
isintended to be a stronger claim than functionalism (Smith 2002, Piccinini 2004).
Computationalism is supposed to involve a claim about particular characteristics of the
functionally characterized operations that comprise cognition.

% Lycan (1981) treats this as part of the answer to Hinckfuss pail.



Stich (1983) BraddonMitchdl and Jackson (1996, Crane (1995, and many others. The
arguments are dso presented within alarger framework associated with maingream
fundiondism; | employ apicture of physcal systems and aset of idealizationsassodated
with tha project.

After an initial discussion of fundiond characterization, | present three arguments
(sections2 to 4). Two ae modificationsof arguments seen in Putham and Chamers.
They are aboutthe"surplus content” tha fundiond description ha ove behavioral
description. Thethird agument, which is new, is a more precise treatment of the stronge
claims assodated with Hinckfuss and Searle. | then argue(in sction 5)that while the
threat raised by tese problems has been undeestimated, it is notfatal. Avoiding the
problemsis possible, buthas consequences and asts. These indudetherevison of
populbr claims aboutthe"autonomy" of fundiond description.

2. Realization of an FSA
There are two ways of talking in aprecise way about fundiondly characterized gates and
thar realization. One assodated with the computationdist style of fundiondism,
specifies afundiond profile as a set of relationsbetween abgract entities, and
undestandsrealization in terms of a mapping baween adract and physcal structures.
Theother, daiving from Lewis (1972) uses a Ramsey sentence or something smilar.
According to the second approach, an interlocking set of hypotheses specify a set of
roles, and vaiousobjects may beoccupans of thase roles. Thetools used in this pgper
are borrowed from discussionsof computation, butthe arguments are supposed to work
within dther gpproach. (In thefind section | discuss the relationsbeween the two.)

My garting pont is aframework in which functiond roles are described usng
"state trangtions” Initially we look & cases where the system is taken to bein asingle
total fundiond Sate a each time. A finite state autormaton (FSA) is afinite set of inpus,
outputs, and inna dates that are related by rules that map each combinaion d present
inne state and inputto anew inne state and ouput.” This is oneway of formalizing te

4 Technical ly, thisisa"Mealy machine," not a"Moore machine," as the outputs are associated
with transitions rather than states.



kind of fundiond characterization often envisaged in the days of "machine
fundiondism" (Putham 1960, Bock and Fodor1972) | will use thefollowing example

of an FSA, which correspondsto asimple coke machine

Coke Machine State Transitions

(Sul)! (S 0 (Su ! (Ss O)
(S ) ! (S, Oy) (S ) (S, Oy
(Ss 1) (S, Oy (Ss, 12) ! (S1, Og)

| begin with thefollowing accountof the realization of this kind of structure, which

modifies aformulation dueto Chdmers.

FSA: A physcal system realizes a given FSA duiing atime interval iff there
IS mapping M from states of the physcal system onto dates of the FSA, and
frominputs and ouputs of the physcal system onto inputs and ouputs of the
FSA, such tha: for every date-trangtion (S, I)! (S, O) of the FSA, if the
physcal system were to bein gate P and received inputl* such tha M(P) =S
and M(1*) =1 during tis time interva, then it would trangtion to date P and
would emit output O* such that M(P) =S and M(O*) =0O.

Thiswill becalled a"simple mapping" criterion for realization.

The FSA itsdlf treats inputs and ouputs abgractly. It merely distinguishes two
inputs and three oufputs. Any system with this number of possible inputs and ouputs
could, if appropriately organized, realize the FSA. When ecificationsof this kind ae
used in phiosophy ofmind, it is naural to require tha a system's inputs and ouputs be of
a specific kind. ug as a coke machine has to beable to accept money and give out cokes,

Some early discussions of functionalism focused on Turing machines. | take Turing
machines themselves to be an unpromising modd for the mind, though important for in principle
discussions of the mechanization of intelligence. The CSA framework, discussed below, can be
used to represent Turing machines, as Chalmers (1996) notes.



an intelligent agent, pehaps, has to beable to track and act on heworld in paticular
ways. If thisisright, then an FSA undestood & amathematical object only specifies the
formal backbore of a functiond structure in the sense relevant to phiosophy ofmind
(Block 1978)

So where necessary, | will distinguish beéween an FSA in abroadsense and in a
narrow sense. An FSA in the broad sense indudes specification of particular inputs and
outputs; the FSA in the narrow sense is jud the formal backbone with inputs and ouputs
treated abdractly. Specifying the coke machine FSA in the broad sense indudes giving
both the state trangtionsabove and the following gecification ofinputs and ouputs

(complete with anachronistic mid-twentieth century pricing).

Coke Machine Inputs and Outputs:
I, =5 cents; I, = 10 cents; O; = null; O, = coke; O3 = coke & 5 cents.

This causes acomplication in discussionsof redlization. If realization is unde'stood n
terms of amapping tha preserves relations there mug be abdract objects with
mathematical relationsbeween them on ore sde, and physcal objects with causal or
other physcal relationsbeween them on the other. But a mapping aiterion for
realization an then only be gpplied directly to the narow sense FSA. Showing the
realization ofa broad sense FSA then involves two geps Oneis showing amapping
between the narrow sense FSA and the physcal system. The other is showing tha the
inpuss and ouputs of the physcal system are of therightkind.?

In general, broad sense FSAs will be more important than narow sense FSAs
bdow, and the symbols "I" and "O" will beused for inputs and ouputsin aconaete

sense except where otherwise indicated.

® |f afunctionalist does not see the functional roles relevant to philosophy of mind asinvolving
specific kinds of inputs and outputs, perhaps because of cases of humans with unusual interfaces
with the world, then the mapping approach can be used on its own. This makes Hinckfuss-type
arguments more threatening. Thisissue will be discussed in section 3.



Thefirst triviality argument ams to show tha any aufficiently complex system
with the inputoutput dispostionsassodated with agiven FSA (broad nse) isdso a
realization ofthe FSA. My presentation ugs graphical methods and nodifies arguments
dueto Putnam (1988)and Chdmers (1996) | represent FSAs usng wha | will call
contingency trees. Thetree for the coke machineis represented, ove three roundsof
inputand ouput, in Hgure 1.
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Figure 1: Contingency tree for the coke machine FSA

The same kind of tree can beused to represent the dispostiond propeties of a physcal
object. If we specify aset of inputs and ouputs, any physcal system starting in a
paticular state will have some set of dispostionsin respong to those inpuss (if it can
interact with them at dl), and it may (or may not) emit outputs of therelevant kind. Such
atree will usudly only represent some of the object's dispostiond propeaties, though ve
can imagine a"full" tree for an object ove an interval, representing dl theinfluences the
system might receive from therest of theworld, and dl the ways it would &fect its

environment in respone.



Suppo we have a physcal object whose inputoutput dispostions over some
time interval are the same as those assodated with apaticular FSA. The object goes
through ®me paticular sequence of sates, emitting theright outputs in respon® to a
series of inputs, and was aso disposed to anit suitable outputs if its inputhistory had
been different. Assume also tha these dispostions are the product of theinternd
structure of the object, as oppo®d to bang mediated by an externd controller. The
contingency trees for the FSA and the physcal object can then besupeaimposd on ech
other. (Imagine doing tis with trangparent dides.) The only differences are found n the
inne states represented a each point. Provided that the physca system has sufficient
oveal complexity, there will beamapping béween physical sates and FSA states such
tha the physcal system is arealization ofthe FSA.

Therelevant sense of "sufficient overall complexity” is as follows. The system's
total physcal sate a every point on thetree is unique The system startsin a paticular
state, P;, and each inputit may receive will notonly send it into anewv uniquesate, but
also dfect the system's phydcal respong to later inputs, pehgpsin only microphyscal
ways. As aconsequance, every sequence of inputs will send the system down apah
comprising physcal states that cannotbereached by any other sequence of inpus.’
Putnam offers reasonswhy actud-world physcal systems should satisfy aprindple of
thiskind. Ingead | treat this as acondition in my claims aboutthe realization of
fundiond gructures. If aphyscal system has this kind of overall complexity and has the
same inputoutput propetties as agiven FSA, then it is areaization oftha FSA. Below
al thephyscal sates labeled as P, are assumed to bedistinct from each other.

From heeit is smple to show the existence of amapping ofthe relevant kind.
Using thetwo supaimposed trees, we map each FSA inng date to acoarse-grained
physca gate tha is specified with adigundion ofdl the uniquephysical states whose
postionson the physcal tree correspond b occurrences of that inne state in the FSA

tree.

® The uniqueness claim here isintended to apply to intrinsic properties of the system, to avoid it
collapsing into triviality. | assume an account of intrinsicness aong the lines of Langton and
Lewis (1998).



More formally, we ingoect the FSA tree and not all locationsat which a
paticular Sate, perhgps S;, gopears. Each location @an beidentified independently of the
inna date tha gppears there, by its place in the space of possible input sequences. Call
the set of locationsat which S gppears! 1. We then ingect the physcal tree, and not all
thephyscal sates tha appear in locationsin ! ;. This set of physcal sates is described
with adigundion, labded Q. We do the same for the other FSA sates. We can then
condruct yet another contingency tree for the physca system, where each nodeon the
tree is characterized by an ouput and adigunaion of physcal sates created by he
method outined aove Theinformation in this tree is a weakening orcoarse-graining of
tha contained in the origind physcal tree. Each Q; will gppear in dl and only the
locationsoccupied by Sin the FSA tree. Asthetrangtion propaties of any FSA date are
expressed entirely by its set of locationsin thetree, the Q's can beseen to have the same
trangtion propaties as the §'s tha they are mappel to.

Theclaim that that the Q's have the same "trangtion pioopeties’ astheS'sis
subject to aqudification discussed bdow. Before addressing those complications| will
work through te coke machine example to illudrate the procedure.

The contingency tree for the coke machine FSA was givenin Hgure 1. A
complex physcal system, abitrarily chosen, with the same inputoutput propeties, will
have thefollowing mntingency tree (again assuming an interval over which three inputs

are received.)
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Figure 2: Contingency tree for a physcal system tha has the benaviora propeties of the

coke machine

Behavioral criteria are used to "align” the FSA with the physcal system at the start of the

interval. This digment may yield any FSA inneg date as theinitial sate, though heel

assume theinitial sateis S;. We supaimpose thetrees and mep each formal sate to a

digundion of physcal gates as follows.

Let:

Qi=PiVBVP VPR VPRVPR
Q2=P2 VPV PV Py
Q3=P3 VP, VP, VPi3VPis



Then forali" {1, 2,3}, M(S) =Q

TheQ's can beused to generate a coarser-grained physca contingency tree, afragment

of which can beseen in FHgure 3.
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Figure 3: Coaser-grained contingency tree for the physcal system in Fgure 2.

This procedure can be used to show both "good" and "bad" realizationsof an FSA by a
physca system. What is the difference? A first response might bethat the "good" cases
are thoxe where the physcal states digoined to produce a Q that mapsto some formal
state are similar in some nonttrivial sense. In areal-world system, we need not sUppo®
tha these physcal sates areidentical. But in naural realizationsof an FSA, the system
should bedoing ssmething physcally smilar when it reaches the various states tha each
map to some S. In the coke machinecase, S; is especially ussful to think aoutin this
conneetion. The FSA has two different ways of reaching § within asingle cycle,
depending on heinput received. Do the physcal states the system reaches via these two
different pahs have anything in common?If not, the FSA representation oftha device
seems a least somewhat misleading. Explanaionsof the behavior of the machinein
terms of therole of S; in its fundiond econony would imply aspuriousunity across the
processes in which that state is involved. This response to the problem, which 1 think is
indeed dong herightlines, will befleshed outin more ddail in section 5.

10



Before moving on Iwill discuss some complicationsand posible objections
These involve the question of whether procedure abovereally shows tha the system
satisfies the conditionds used in the criterion for redlization. The problem has two
aspects. Frst, as the treatment aboveassumes a particular time interval over which a
restricted nunber of inputs can bereceived, each Q; as defined aove will contain
"termind” physcal dates, dates obtaining & theend oftheinterval. Theanalysis given
does not suppo® tha we know how the system will respond b inputs when in these
states. So when it is claimed tha the system is causally disposed to transtion from oneQ
to another, in away that correspondsto the FSA state trangtions the smplest way of
undestanding these dynamical relationsbeween the Q states is notavailable. Tha
simplest option would require tha, if the coarse-grained tree has it tha if thesystem isin
Q and receives input 1 it will trandtion o Q, then it mugt bethe case tha for every sate
digoined in Q, if thesystem isin that state and receives input 1 then it will trandtion o
some gstate in Q. This does not apply to termind atesin Q. So theandysis above
requires tha conditionds describing howthe system is disposed to move from oneQ
state to another describe the system's dispostionsove theinterval even when the
antecedent Q's indudetermind sates.

| will arguetha these conditionds are true, unde an interpretation thet is
appropriate for functiondism. The point can bebe made by imagining along nterval and
a system undegoing adefinite aging process over theinterval, though he point gpplies
genealy. The Qs are then vay long dgjundions containing physcal states tha would
naurally encountered when the system is at various different ages. Each Qindudes a
termind gate, onetha would only bereached (if it is reached at dl) a theend ofthe
interval. Suppo® we have an FSA conditiond tha saysif thesystemisin S and receives
l1, it will trangtion 0 S. Then if the system realizes the FSA ove theinterval, Q; maps
to S, and @ mapsto S, it mug betruethat if the system were to bein Q, at, for
example, the sart of the interval, then if it received I, it would have to transition o Q..
Wha would it involve for the system to bein Q; at the start of theinterval ? It would
involve the system beng in an "age-appropriate’ phydscal state within the disundion. In

possible-worldsjargon, hese are the nearest Q;-worlds If the system would transtion

11



appropriately from that physcal date a tha stagein thetime interval, the conditiond is
satisfied. To assess whether a system of this kind realizes an FSA ove a specific time
interval we do nothave to knowhowthe system would béhave if it were, at the beginning
of theinterval, in aphyscal sate tha could only arise late in theinterval. So if
fundiondism is intendeal to capture systems tha physcally develop orage, the relevant
interpretation of the condtionds is onein which antecedents and consequents are
assessed in away tha respects thetemporal location of physical states in the history of
the system.’

Thereis dso asecond poblem. Although acontingency tree of the kind a&ove
specifies variousnonactud pahsas well as theactud one some gates of an FSA might
not bereachable from the gate the system was in & the sart of theinterval. So it will be
impossible to assess whether the system respects transtionsinvolving thhose FSA dates.
Consquently, showing therealization of an FSA in those cases requires describing the
physca system with anumber of different contingency trees, each beginning with
different initial states. This does not create a problem for the methodsused above
Provided tha the physcal gates a dl the places on dl thetrees are distinct from each
other, thedigundionscan becondructed in the same way as before.

Before moving on Iwill compare this handling ofthe problems abovewith tha in
Chdmers (1996) Chdmers uses amore daborate specification ofan abitrary physcal
realizer for an FSA. He assumes tha the physcal device kegpsarecord of its "input
history," the complete sequence of inpuss it receives from some initial state. Chdmers
also assumes the system has a"dia" tha can bepermanently set to aparticular vaue a
the gart of any run. Such adevice has the capacity to enter an inddinitely large number
of distinct inne gates, each Pecifiable in advance in away tha pars it with apaticular
inputhistory and apaticular initial state. The"dial" feature enables usto describehowa

" Asareferee pointed out, this has the consequence that a system might have the dispositions to
transition (given suitable input) from S; to S, at one time step and (also given suitable input) from
S, to S; at that same time-step, without being disposed to transition from S; to S; and thento S;,
given those inputs in series over multiple time-steps. But this result is appropriate, asit may well
be that one consequence of receiving either input at the first time-step is to disable the system
with respect to further transitions.

12



given input history could beexperienced from many different initial states. If the system
has theright behavioral dispostionsasit traverses dl of these possible physcal dates,
inddinitely long dgjundionscan becongructed for use in mappingsof thekind
discussed above Counterfactuds can bespecified aboutwha would hare happened if the
system had begun hetime interval in adifferent date, induding adate tha was, in the
actud world, termind.

Chdmers method ahieves amore straightforward treatment of the conditionds
linking Q states, by meking riche assumptionsaboutboth theinternd structure and
behavioral dispostionsof the physcal realizer. On the behavioral sde, Chalmers
imagines arealizing g/stem tha exhibits the right behavioral responges over inddinitely
long ries of inputs. | assumed only tha asystem has theright behavioral dispostions
ove an interval which beginswith @ther the actud initial state or oneof a set of relevant
aterndives. | keep Chdmers procedure on hetable, as an dternaive to thesmpler
argument given above. But | do notthink dther the behavioral or structural assumptions
Chdmers makes are necessary for the congruction of atriviality argument tha raises
problems for functiondism. If asystem has arecorder of its inputhistory and adial, of
thekind Chdmers describes, then we can knowin advance tha the system mug enter
uniquedates during thetime interval unde congderation, will do © for both actud and
nonactud inputhistories, and would do ® from relevantly different initial conditions
But a system need nothave those features in order for it to betruethat it is disposed to
enter uniquephyscal states unde dl those circumstances. All that the extra features give
usistheposibility of labding the states compactly and in advance. Aslong & a physcal
system hassuch arange of sates (and the behaviora asssumptionsare met), there is the
possibility in pindple of condructing amapping tha shows it is arealization ofthe FSA.

3. Realization of a CSA

The preceding agument does not conditute athreat to contemporary fundiondism. The
only postion threatened so far is aform of the now-outdated "machinefunctiondism."
An FSA isin asngleinternd date at any time, and it is usudly thoughttha aviable

view in phiosophy ofmind mug recognize that a cognitive system isin more than one
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mental date a atime. Behavior is the consequence of interactionsbeween several
simultaneoudy present mental states (bdiefs, desires, moods..), dong with sensory
input Chdmers 1996 dscussion indudes a ketch of a Putnam-style triviality argument
for this case. | will present an algument of the same kind in adifferent form.

Chamersintroduces the"CSA" formalism (for combinatorial state autormaton).
Thetotal inne date of a system is now represented as a vector, or list, of subdates.
Trangtionshave theform: (<Cyy, Co1, Ca1>, 11) ! (<Ci, Co1, C31>, O1). Though
Chamers uses this category in an andysis of computation, | take the CSA conapt to bea
good dacription ofthekind of sructure tha the maingream fundiondist literature often
hasin mind.

The criterion for realization of a CSA is different from that for an FSA, as
something in the physcal system mug be mapped to every subdate tha figuresin the

state trangtions An initial accountof realization might be given as follows:

CSA: A physcal system realizes a given CSA duiing atime interval iff there
is amapping from states P of thephyscal system onto subdates C of the
CSA, and from inputs and ouputs of the physcal system ont input and
outputs of the CSA, such tha: for every gate-trandtion (<Cy, C,,...G>, I) !
(<C'y, C5,...G>, O) of theCSA, if thephyscal system were to bein a
combinaion of sates <Py, P....R> tha map to <C,, C,,...C;> duiing thistime
period, and received inputl* that mapsto CSA input I, then it would
trangtion to acombinaion of subgates <P;', P,'...P,'’> tha map respectively to
<C', C,,...G>, and would amit an ouput O* that mapsto CSA output O.

Agan we can distinguish beween narrow and bioad sense CSAs. The narow sense treats
inputs and ouputs abdractly. (The CSA criterion aboveuses the symbols "I" and "O" in
this abdract sense.) A broad nse CSA specifies wha the system's inputs and ouputs
should actudly be So showing that aphyscal system realizes a broad sense CSA
involves both showing amapping beaween the physical structure and the narrow sense
CSA, and fiowing tha the inputs and ouputs are of theright kind.

14



The naural-looking way to map physcal features of the system to CSA subdates
is to take different regions within the physcal system to implement different subgates.
We might treat subdate C;, as mapping o apaticular Sate, 2, ha region 1 can bein.
But the criterion for realization given éovealso dlows othe mappings Withoutsome
extra condraint, aCSA isrealized by any afficiently complex physca system with the
rightinputoutput propeties. As before, "sufficiently complex” meanstha the system is
in auniquetotal physca date a every time-step, a sate dependent on thehistory of
inputs received.

Theargument is smilar to that in the previoussection. We first represent the CSA

as acontingency tree, asin Hgure 4.

I <Ci2, Cy1, G512, 0y
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Figure 4: Contingency tree for a CSA

It is posible, as we saw earlier, to represent any physca system with the same input
output propetties as atree dso. If we supaimpose the contingency trees for the physcal
system and the CSA, they will differ only in theinternd states a each noce. On the
physcal tree we have total physcal states. On the CSA tree we have vectors of subdates.
To condruct amapping d theright kind, we represent each physcal state of the
system as a conjundion of disundionsof total physcal states. We also "coarse-grain”

thephyscal contingency tree, asin the previoussection. Theam isto show tha a
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paticular disundion of phydcal states can occupy locationsin the physcal tree that
correspondexactly to the locationsoccupied by aparticular subdate in the CSA tree.
Vectors of CSA subdates correspond b conjunctionsof digundionsof physca sates.

Thedigundionsare condructed as follows. Congder thefirst state of thefirst
CSA subdate variable, C;;. We look at dl thelocationson the CSA tree where the
system isin atotal state tha indudes C,;. Call this set of locationson he CSA tree! ;.
We then look & the physcal tree, and note thetotal physcal state of the system a all
locationsin ! 1;. These phydcal gates are collected and labded with adigundion, Q.

Then we begin condruction of a coarse-grained physical tree, where the physical
state of the system is pecified & each location with aconjundion ofdigundions We
make Q11 the first member of the conjundive specification ofthe system's state in the
coase-grained tree at every location in ! ;. So Qu; will appear asthefirst conjund at
every location in ! 13, and nowhere else. Thisis the same as the set of locationswhere Cy;
appears as thefirst member of the CSA date vector. The procedure can be repeated for
Ci2, Gy, and al the other CSA subdates. This shows tha CSA subgates can bemapped
oneto-oneto digundionsof physcal sates such tha al relationsbeween states and
inputs and ouputs on hetree are preserved.

This argument assumes tha issues arising with termind states and dternate initial
states are handled in the same way described in the previoussection. As before, it isdso
possible to make richer assumptionsaboutthe physcal realizing g/stem, as Chdmers
does, which enaure that an inddinite number of uniquephyscal states which the system
might enter can bespecified in advance.

Theobviousinitial respong to this problem is to add, @& acondraint on
realization, afeature that was mentional earlier. The CSA subdates opeate in
explanaionsas indgpendent pats of the system, which combineto giverise to the
behavior of thewhole. So it seems naural, as anext step,  require tha the physcal
states which map to CSA subdates be sates of independent componrents of the physca
system. In thefind section | will arguethat thisisindesd the right next move, butit does
not solve the entire problem. It neadsto becombined with asmilarity contraint of the

kind discussed in the FSA case. Before looking & solutions however, | will discuss one
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more triviality argument. This onedoes not assume arealizing s/stem with paticular
inputoutput propeties. It uses the framework above, daived from Putham and
Chdmers, to make astronge chdlenge to fundiondism of the kind asodated with
Hinckfuss and Searle.

4. A New Triviality Argument
An initial outine of theargument is as follows. Any aufficiently complex phydcal system
can bemade into abehavioral dupicate of an intelligent agent, via a changeto the
"transducer layer" of that system. Changing the transducer layer of a physcal system
aloneoughtnot dter whether or notit has a least some basic mental propeties. But
drawing on erlier arguments, we know tha if acomplex physcal system can begiven
thebehavoral profile of an intelligent agent, it is thereby made to redlize the fundional
profile of tha agent, if realization is undestood usng asmple mapping aiterion. Asa
changeto tranducer layer should notdter whether a system has mental properties, every
complex physcal system already has the functiond features that give agents like you and
| mental propaties. A changeto transducer layer may changewhich mental propeaties we
have, butoughtnotto changewhether we have mental propeties at dl. Consequently,
fundiondism combined with asmple mapping accountof realization wllapses into
triviality. Every complex physcal system has fundiond propeties sufficient to give it
some mental propaties of thekind found n paadigm human agents.

| now discuss the premises in more deail. | begin with theidea tha any
fundiondly characterized physcal system whos opeaationslink it with its environment
can bebroken down into (what | will call) atrangducer layer and acontrol system. The
trangducer layer is the interface between the system and its environment. On theinput
side thetransgducer layer respondsto physcal impactsin aform that therest of the
system can ue in further processing. Rarts of thenomal human transducer layer indude
thereting which responds to dectromagnéic radiation with neural firings and har cells
in theinne ear, which respond b physcal vibrationswith neural firings On the oufput
side muscle fibers are part of the transducer layer, as they respond b motor neuron

firingswith contractions
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Theterm control systemwill beused for everything that is fundiondly important
in asystem other than thetransducer layer. This indudes the basis of memory, the
manipulation of representations learning, plnning, and $ on.

When described in @odract terms, therole of each part of the transducer layer is
mapping onephyscal variable to another. Its role could berepresented with alook-up
table. This amplicity is essential to transducer layers as | conceive them. If we are
looking & apeaipheaal pat of asystem, and we find arole for memory or learning, hen
we have notlooked peripheraly enough o find the transducer layer. The smplest cases
to think aboutare those where the transducer layer remainsfixed in its inputoutput
propeties ove time. Systems like ourselves, however, may be plastic with respect to
these features. In that case the argument should beagpplied to asystem ove an interva in
which the transducer layer remainsfixed.

Often it may be undear where the border between transducer layer and control
system is. But locating the transducer layer is a consequence of locating the divide
between system and environment. If there is a problem with the idea of a bounday
between afundiondly characterized system and its environment, tha is a problem for
maingream fundiondism itself. The assumptions| make abouttransducer layers are
made within fundiondism.

Earlier | took fundiond profiles to indudea"concrete" specification ofinputs
and ouputs. That treatment of inputs and ouputs was favorable to functiondism; any
system with the fundiond profile of a human would have to receive sensory inputin
human form and give outputs in such form. A budket of water cannotpossibly have the
same fundiond profile as ahuman agent, as it does not have theright inpu-output
propeties. But we nowlook & the posibility of taking afundiondly characterized
system and changng its transducer layer, while keeping the control system intact. Thisis
doneby dhanging the physical devices tha interface with external objects. We might dter
thehar cdlsin theear so they are notmoved by vibrations butby maegnéic fields. We
might have muscle fibers moving amouse on acomputer screen. Altering transducer
layers has important therapeutic possibilities for people with sensory and motor
disabilities.

18



When thetransducer layer of an intelligent system is dtered, wha are the
consequences for its psychological propeaties? Here | do notmean the changes tha will
result to its history of experience. Rather, | imaginelooking & a sngoshot of the system,
or assuming preservation oftheformal structure of inputove an interval, and asking
which changes to its mental states are logically implied by achange to the transducer
layer.

There may be many ps/chological changes implied, butit is naural to think there
are some mental features of an agent tha depend anly on he propeties of the control
system, and ae unaffected by the propeties of the transducer layer. The mental
propeties tha are undfected will notindudethe truth-conditionsof its propostiond
attitudes. They may notindudehowtheworld ssems to the agent. They may indude
such features as being ale to learn by rinforcement, or bang ale to reason
hypotetically. But they may dso beas basic as having mental ates at all.

Such acommitment is implicit in therapeutic work on hunan transducer layers.
When we try to equip adisabled peson with nove transduaer capecities, theam isto
give beter environmental interfaces to acontrol system tha we take to have many of its
mental propatiesDat least to have a menta life Dindgpendently of the features of its
transducer layer. Thereis nottaken to bearisk tha atering the transducer layer will rob
the system of all of its mental propeties. A smilar commitment is implicit in many
science fiction gories, especialy of the paanoid syle of "The Matrix." This commitment
could befase, of course. But amore theoretical argument can dso begiven. Fom a
fundiondist point of view, what the transducer layer does is quite Smple. Flants and
single-celled omganisms have transgducer layers tha are in some ways Smilar to ouss.
These organisms have much less complex control systems than ouis, however, and it is
here tha the cognitive differences beween plants and hunans seem to lie. The processes
of reasoning, decision-making, ad learning gudied by pychology ae much more
dependent on @ntrol system features than onwha hgppensto betransduced when the
system interacts with the physcal world.

This argument should notbe pushed too far. It is fase to think we could work our

way into asystem from its peiphay, and ague tha whenever we encounter asmple
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inputoutput device, removing orchanging tha device cannotimply wholesale changes to
whethe system has mental states. Every part of an intelligent system, viewed from
sufficiently close up, @n bedescribed as having asmple inputoutput character. But for
my pumposes, only aweak gpplication ofthese ideas is needed. | only consder changes to
avery "thin" transducer layer that is the bounday between system and environment.
Further, the premise needed is that some mental features of a system with nonmargind
mental propaties are notaltered by dianges to this transducer layer. The qualification
"nonmargind" excludes organisms like worms whos control system is so Smple that a
changein ther transducer layer aters alarge proportion ofthar total functiond
propeties.?

| now introduc a more contentiouspremise. The pats of atransducer layer can
be seen as inputoutput devices, as noted above They map oneset of physcal
magnitudes to another. The new premise is that there are no condraints onthe character
of these mappings in abona fdetransducer layer. An inputdevice might map
magnitudes oneto one or many to one The same applies a the oufput end. And if the
mapping is many to one the "many"” nead notbea clugered, ndural-looking collection,
such as a continuousrange of vaues of some variable. A transducer layer inputdevice is
just adevice tha takes some set of physcal simuli and mepsthem to some magnitude
tha therest of the system can use. This opeaation, aan, mght berepresented with a
look-up table. An ouputdevice, amilarly, takes some set of vaues of an internd
variable, and mepsthem to an ouput The bounday beween control system and
transducer layer is notautomatically pushed "outwards' if we find that atransducer
device is grouping an apparently dissimilar set of inputs and treating them as equivalent.
So a"mere change to transducer layer” can includechanges to the forma propaties of
the mapping, @& well as which physcal magnitudes are involved.

This claim is certainly suspicious If atransducer layer inputdevice is mapping

many disparate frequendes of EM radiation o asingle rate of neural firing, it might be

8 We should probably also stipulate, as Susanna Rinard pointed out, that when a transducer layer
is changed, the general kind of interface it has with the control system is preserved. Some
transducer layers may interface lethally with some control systems.
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argueal tha this mug besuch acomplex device tha it cannotberegarded as a "mere"
transducer, hence something tha can bechanged while leaving sme mental propeties of
the system intact. But if these assumptionsare granted, they can be used to strengthen
existing tiviality arguments so tha they do notmerely show that functiondism collapses
into béhaviorism, butsomething more troubling.

Congde an actud human agent, A, with nonmarginad mental propeties. If
fundiondism is true, this agent has its mental propertiesin virtue of its functiond
organization. This fundiond organization will belabded S and | assume it is specified
in theform of a CSA. Then we take a complex physical system, B, that has interactions
with its environment. It is "complex” in the sense used earlier; a every indantitisin a
different maximal physca sate. Following Hnckfuss' example, B mightbealarge
budket of sea water, isolated from its environment except in ways an agent can control.
There will bea possible transducer layer (described bdow) that can be added to B that
will give it the inputoutput profile assodated with S thefundiond organization tha
makes A an agent with mental states. Call B with its modified ransducer layer B.. But if
BL would have the inputoutput propeties assodated with § then, by erlier aaguments
in this pagper, it would dso bearealization of Sin the fundiond sense, assuming an
simple mapping accountof realization.

The actud bucket of water, B, does not have this special transducer layer. Its
trangducer layer is the water/air surface. But if a system has nonmargind mental
propeties, amere change to its transducer layer should notdter this fact. Two
fundiondly smilar systems that differ only in physcal make-up and transducer layer
mug ether both have, or both nothave, nonmargind mental propeties. So if athe
budket of water lacks only theright transducer layer to beafundiond duplcate of A,
then it mug dready have some nonmargind menta propaties.

The pat of this argument that needsto beoutined in ddail istheclaim tha if B is
acomplex physca system, there is apossible transducer layer tha can begiven to it to
yield asystem with the inputoutput profile assodated with S Thekey to showing tisis
to nok (or require) tha al B's physcal outputs, as well asinna dates, are unique This

makes it possible to goply the same techniques used in the previoussections. To show
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how the procedure works, | will return to my earlier example, and discuss how to turn a
budket of sea water into acoke machine

Thetranducer layer tha has to begiven to the budket of water to make it into a
coke machine indudes an inputdevice and an ouput device. At theinputend, we need
the device to accept 5¢ and 10ccoins Thisis no pioblem; they can bedroppeal into the
budet. We do have to assume a stock of very physically smilar 5¢cand 10c coins, and a
uniform method ofdroppng. Each min ndsthe budet of water into anew unique
phydcal sate, and dso generates a uniqueoutput Here, the outputs are the effects of
ripplesin the water onair molecules a the surface. At each moment, the effects of the
water surface on tese air molecules are unique produds of the prior state of the water
and the paticular impact of acoin. (A distracting feature of the combinaion of the
Hinckfuss example and the coke machineis the possibility of tracking the displacement
of thewater by each in. For generality, assume this easy option is notavailable.)

The coke machine builder would next draw a new kind of contingency tree for the
budket with its added inputdevice. In Figure 5, ouputs O} are the uniquephysical
effects of the water surface on thelayer of neighboing ar molecules.
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Figure 6: Contingency tree for the budket of water

All tha then has to bedoneis collect the OF's tha should map onb each of the three
desired ouputs of the coke machine Those are O, (null oufput), O, (emit coke), and G;
(emit coke and 5c change). So physcal outputs OF;, O7,, and O; (and me others),
should map to Oy, physcal outputs O°,, 077 (etc.) should mep to O,, and plysical outputs
0% and O’ should map to Os. All the designe has to do b generate coke machine
behavior ove theinterval is build atransducer device that does nothing when it deects
O, (etc.), emits acoke when it detects O, (etc.), and emits a coke and changein
responge to O’ (etc.). This, again, is an inputoutput device with no memory or internd
processing. It is as if adesigna had enormousknow edgeof the physcal dispostionsof
the budket of water, and very fine-grained ways of building inputoutput devices, butno
way of building the memory needed for a coke machine So the designe uses the water's
complexity as anaura memory. The designe builds a suitable inputdevice, notkes the
exact physcal pathstaken by the water surface in responge to each ssquence of inpus,
and the system's physcal outputs a gppropriate stages are used to control another
transducer device which gives out cokes and dhange This process can continuefor as
long an interval asis covered by the designa’s physical knowledge

The coke machineis, of course, avery smple FSA who< redizationsdo not have
mental states. But this process could beapplied in pinapleto any FSA or CSA. If a
nomal human'sfundional organization ove some interval is represented by aCSA, then
our designe could buid atransducer device that perturbsthe budet of water in ecific
ways in responge to every posible sequence of input tha ahuman might receive, and
anothe transducer device tha mapsthe water's responges to gopropriate human
behaviors. So abudket of sea water could act as the control system for a humanoid robot,
provided tha our designe was extraordinarily knowledgesble aboutthe object's
contingency tree and Killed in the building of inputand (especialy) output transducer
devices.
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Theargument of this section @an then besummarized as follows.” It is presented
asavdid agument with an unaceptable conduson, © & least onepremise mug be
denied.

1. For any afficiently complex system B, there is apossible system that differs
interndly from B only in its transducer layer, and tha has the inputoutput
propeties of a human agent with nonmargind mental propaties.

2. Any aufficiently complex system with theinputoutput propeties of a human
agentis afundiond duplcate of tha agent. (Simple mapping aiterion for
realization)

3. Fundiond duplcates shae dl thar mental properties (Fundiondism)

4. Two systems that differ only in thar transducer layers mug either both have, or
both lack, nonmargind mental propaties.

Therefore:

5. Any afficiently complex system has nonmarginad mental properties.

Even more briefly: if human agent A has mental propetiesin virtue of his or he
fundiond organization, hen any complex system B has some mental properties too.
Agent A isfundiondly identical to an imagined B, which is B with amodified
transducer layer. But if B, would have mental states, B mug actually have them, because
B and B_ differ only in transducer layers.

It might bethoughttha one conduson o bedrawn is that the kind of
fundiondism discussed in these sectionsleads to panpsychism, apostion which might
be accepted. But the postion implied would notbe an "ordinary” form of panpsychism.
As complex systems would realize thefundiond profile of many different intelligent
agents, the postion implied would beadoctrine of supa-postion of multiple divergent

mindson the subdrate provided by each complex physca system.

® | am indebted to an anonymous referee for suggesting a simplified summary of the argument,
which | have adapted here.
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5. Consequences for Functionalism

Thecriteria for realization discussed in this pgoe are clearly too weak. Even if the near-
complete collapse into triviaity discussed in sction 4 s avoided, by gjecting sme
premises concerning transducer layers, the earlier results show tha changes are needed to
make fundiondism viable. Otherwise, many gandard fundiondist thoughtexperiments
involving s/stems with the behavioral propeties assodated with mental processing, but
ingppropriate internal organization, beome counter-examples to functiondism too
(Block 1981, BaddonMitchdl and Jackson 1996) So in this section | discuss respongs.
| emphasize that dthough he problems may look like a manifestation of familiar
difficulties that arise from theintrodudion of disundive predicates, the "fixes" tha
suggest themselves have consequences for fundiondist projects in phiosophy and
cognitive science. Oneway to putthe point is as follows. Thecriteriafor realization
discussed abovelook weak because of the existential quantifiers; dl that is required that a
system have sonme physcal states tha map onb agiven gructure, or contain some states
tha are related in such away tha they occupy agiven st of roles. But this weakness is
often something tha functiondism seeks, because of the message of multiple
realizability, and the alleged "autonomny" of high-level descriptionsof complex systems.

| first discuss ways of srengthening the criteria for FSA and CSA redlization. |
then revisit the question of whether matters look different when aRamsey sentence
formulation of fundiondism is used.

In the case of FSASs, what seems needed is an extra condraint on he sets of total
physca sates that are digoined and meppel to each formal state. The obvious
requirement is for some subdantive similarity beween the members of each st. What is
needed is not some measure of oveaall amilarity, in ametaphyscal sense, but Smilarity
in relation o the causal propaties of the system, unde lower-level or physcal
description. Many smilarities will beirrelevant, those involving features (eg., @lor) that
have no olein thecausal econony of the system.'® This approach will probably yield a
gradient distinction beween beter and worse redlizations rather than an ablute

19| am indebted to Nick Sheafor comments substantially improving this part of the argument.
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condraint. Once we accept tha a system will bein uniquedates at every point on a
contingency tree, it is unlikely tha anonarbitrary absolute sandad will berecovered.

Anothe response tha some may have had to the problem in the FSA caseisto
guestion notthe status of the digundionsof physcal states themselves (the Q's), butthe
conditionds relating them. The smple mapping aiterion dd notrequire that the physcal
states belinked by @usal relations as oppogd to dependeance relationsin abroader
sense, butpehapsthisis anaural strengthening ofthe conditions | see this gpproach as
essentially smilar to the oneabove butexpressed in less promising terms. Familiar ways
of talking éout causation make it gopear there should bea binary distinction baween
connectionstha are causal and tho<e that are not, but the Stuaion we are facing, @&
argual above and kelow, is onecharacterized by dstinctionsof degree. Variousdegrees
of resistance to acausa interpretation ofthe conditionds will beresponss to
guestionably low levels of smilarity across the sates collected into coarse-grained
categories.

So | cautioudy optto supplement the origind account of FSA redlization with a
distinction beween (more) natural and (more) unnatural realizations where naturalness
derives from amilarity in the physcal states collected into coarse-grained categories for
use in the mapping. Therelevant notion of smilarity, agan, is notan oveall or case-
indgpendent ong butsmilarity in relation o alower-level description of how the device
works. The coke machine onee agan can furnish examples. An extreme example of a
machinetha is avery unnaural realizer of the coke machine FSA would be onewhich
respondsto an initial insertion of 5¢c or 10cby activating oneof two entirely different
ensembles of machinery. If thefirst coin is a5c, theleft hdf of the machine is activated
and theright sde shuts down. If thefirst coin isa10¢ only theright Sdeopeates. Then
there is nothing in common when "S;3" in the FSA is reached by its two different possible
inputpahs!! This contrasts with acase where there are only microphyscal differences,
invisible to amacroscopic causa description, béween the"S;" ate reached through
insertion oftwo 5ccoinsand the state reached through onelOccoin.

1 A member of an audience at a conference at Aarhus, 2005, suggested this example.
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Here my treatment contrasts with Chamers (1996) who acepts that an FSA is
realized by any complex physcal system with therightinputoutput propeties. He treats
this as aconduson we seem forced to. Rather than holding © ayes-or-no account of
realization with aweak standad, | optfor a gradient distinction béween more and less
natural realizations(within systems tha have the rightinputoutput profiles). This gives
usaway to fundiondly differentiate the two coke machines in the preceding paagraph.

| nowturn to therealization of a CSA. Here the key feature of "good"redlizations
initially seems easier to capture. In goodcases, each CSA subdate mapsto the sate of
some part of the whole system. Subgates and G; and G, for example, should map to
two different states of one component of the physcal system, acomponent whos date
should beindependent of the Sate of the pat of the system that mapsto auch gates as C,;
and G,. Chdmers (1996 endorses a condraint of this kind. | agree tha thisis thefirst
step tha should betaken, but after fleshing outthis idea | will arguethat an gppedl to
lower-level smilarity, asin the FSA case, is required as well.

Therelevant sense of "indgoendence” is alogical one In agood edlization,
specifying ©me comporents of a state vector should notlogically condrain the sate of
other components. The Q;'s used in the CSA triviality argument abovedo rot pass this
test. Given that the Q;'s are digundionsof P's that are exclusve of each other, the
ingantiation of some combinaionsof Q;'s logically implies theingantiation of others.
For example, if (P1Vv P), (P1Vv Ps), and (P1 v P) are dl Qj's for asystem, mapping
CSA subgates that occur in vectors at different values of i, then the fact that (P, v P,) and
(P1 v Ps) are both indantiated implies tha (P, v P) is dso indantiated. This contrasts
with the case where al the subgate variables map to "distinct existences,” and the
ingantiation of a paticular subgate vaue has no logical implicationsaboutthe
ingantiation of subdate vaues in different regions. Then CSA andysiswill, asit is
intended to, meke it possible to capture the idea of an causal econony of distinct internd
factors, as well as interaction of the system with externd influences.

In expressing the needed condraint, boh an alute sandard and approximations

to it are available. The absolute sandad is complete independence of the physcal states
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mapped to each CSA subdate. But this sandad can bedso goproximated, as the logical
"entanglement” of physca andogues of CSA substates comes in degrees.

Thiswill only solve pat of the problem. Even when we have determined tha
each variable in the sate vector mapsto adistinct part of the system, it is necessary to
condrain which gates of that part are collected together to bemapped to each C;. The
problem that arose for FSA realization arises again, now at the level of parts rather than
wholes. The problem can beilludrated with the smplest possible case. Suppo® theeisa
CSA with two subgate variables, each of which has two posible states. So the CSA
indudes only four possible states. Suppo® aso there is aphysca device with aleft hdf
and aright hdf, which has behavioral properties that match the CSA. States of thefirst
subdate variable are mapped to theleft hand sde of the system, and dates of the second
are mapped to theright Condraint on realizationis suppo®d to come from the fact tha
Ci11, for example, is acomponent in two date vectors, <Cy;, C1> and <C;3, C»>. These
two total states of the system are suppo®d to have "something in common.” The physcal
state mapped to C,; is suppowd to play onerole when it is pat of a<Cyy, Cy1>
combindion and another role when it is pat of a <Cj;, C,2> combination. But if any
physca sates of the left hand sde of the system can becombined in adisundion and
mapped to aCSA subgate, then this combinaorial feature of theformalism exerts no
condraint on realization. Any physcal states of the left hand sde can beregarded &
different lower-level ways of bang in asingle coarse-grained physcal state which is

mapped to Cy1.*

12 Chalmers (personal communication) has argued that the combinatorial requirement is stronger
than | acknowledge here. Instead, each of the physical states mapped to C;; have to produce the
right behavior when combined with each of the physical states mapped to C,; and also C,,. This
isapossible interpretation of the conditionals linking the coarse-grained physical states, but it is
too strong an interpretation for functionalist purposes. Here the discussion at the end of section 2
isagain relevant. In the case of a system that ages or undergoes other kinds of physical
development, this stronger combinatorial regquirement would require that the system behave
appropriately when one part of it isin aphysical state characteristic of early stagesin life, and the
other parts of the system arein physical states characteristic of late stagesin life. Thissurely is
not required for realization of a CSA. Often system when it is older will berealizing a different
CSA dtogether, of course, but it is surely possible to realize the same CSA while the physical
parts of the system develop through time.

28



The picture emerging from these arguments is as follows. If something like CSAs
formalize thekind o functiond characterization sen in maingream functiondism, then
theredlization of such astructure should beundestood D involve not just amapping
between physcal and formal states, buttwo other requirements. One is tha subdate
variables map to independent pats of therealizing system. The other is tha the pats
microgates groupel into coarse-grained categories be physcally smilar. Both of these
requirements, butmog obvioudy the second, ®me in degrees.

Once asmilarity requirement is on thetable, the question aises whether this
could do hework of theindgoendent-parts requirement as well. At least in the example
used &ove the"entangled” Q;s will score pootty on atest for lower-level smilarity. | do
not know whether this will betrue of dl cases. If it is, the gppeal to lower-level smilarity
may beable to do adl thework.

The philosophical consequences of these requirements are significant. Both are at
tenson with thingstha many fundiondists have liked to say. Fundiondists like to dress
the"autonomny" of high-level fundiond description, and tis has induded rejecting the
idea thd theredlizers of fundiond sates should bedistind, localized pats of the system.
It iscommon © sy tha thereis no ned for therealizers of psychological statesto be
localized to physcal regionsof the brain. Fundiond description is carried out a a
"higher level of analysis.” It is not merely a coarse-grained description of physcal
machinery, buta special kind ofandysis tha can post entities notvisible & al a alower
level (Fodor1974)

Theresponse to CSA triviaity arguments abovepulls againg those idess. The
basic idea of "multiple realizability" of agiven functiond organization in different sorts
of materias is notthreatened. And aial localization ofthe smplest kind is not
necessary for the indgpendence of parts discussed above A single pat of asystem might
be physcally scattered D as the human immunesystem is scattered throughthe body. But
even ascattered object of this kind is visible to lower-level description. S if an account
of redization that requires that CSA subdates map to dates of distinct physcal pats of
the system is the best opton, tis puts pressure on familiar habits of functiondist
thinking.
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It is notonly philosophes who often assume arelaxed gandad for realization.
Theissues here connect to adivide seen in ps/chology and aognitive science. One style
of work in these areas hddstha an adract characterization of psychological processes
can becarried outwithoutworrying doutfinding a smple match beween psychological
structure and the physico-chemical organization d thebrain. Gthers think that close
attention o brain gructure is needed to anchor the explanatory posts of cognitive science
(Churchland 1989) Some recent philosophical accounts of explanation in "mechanistic”
sciences like cell biology and neuroscience have treated the localization of causal factors
as an important desideratum (Machamer, Craver, and Darden 2000) thoudh it has not
been made very clear what localization of therelevant kind requires. Triviality arguments
make these problems urgent ones.

Lastly, | return to the question of how these issues appear within aform of
fundiondism that uses Ramsey sentences Bthe "Ramsey-Lewis" gpproach to
fundiondism (Lewis 1972, BraddonMitchd! and Jackson 1996)" In the Ramsey-Lewis
approach, the notion of mapping doe not gppear explicitly. A set of hypoheses, given by
folk theory or science, is seen as pecifying aset of causa roles. Varioussets of objects
can act as occupans of these causal roles. Thekey relation is not oneof mapping
between two gructures, but the satisfaction of a set of interlocking descriptionshby a
collection of objects.

| cdlaimed earlier tha the changein formalism does not make a difference to the
status of triviaity arguments. If a Ramsey sentence merely says that there exist anunmber
of inne states of a system, such that when the system receives agiven input and isin a
given date, it enters some other sate, and $ on, hen triviality problems can beraised &
before. Wha sort of thing can countas the occupant of such arole? The word
"occupant,” with its real estate connottions suggests something cnaete, but thisis not
actudly required by heframework. If we express our coke machineés workingsas a
Ramsey sentence, we still have to grapple with the question of why aheterogeneous
digundion of gates is not alegitimate oaccupant of the S; role.

13 Here again | include cases where the theory is folk-theoretic and cases where it is scientific.
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This raises apuzle, however. It can gopear that the Ramsey sentence agpproach
does not have triviality problems of the kind discussed in the computationdly-oriented
literature. (I have often heard this claim madein discussions) | offer three diagnogic
comments. Theusud examples given to motivate the Ramsey-L ewis gpproach have
specia features that defuse triviality problemsbin the case of those examples. The
specia features of these examples are notfound n the cases in the philosophy of mind
tha the Ramsey-Lewis andysisis suppo®d to handle. However, the Ramsey-Lewis
approach can be supplemented with additiond constraints, of thekind seen earlier in this

section.

(i) Theusual exanmples given to notivate the Ranmsey-Lewis approad hae special
features that ddfuse triviality problems.

Standard examples usd in this tradition, such as Lewis murder mystery case (1972)and
the example of an automobile engine, have features built into them that strongly condrain
the entities tha can realize theroles. In these examples, causal roles tend o bespecified
with "thick" causal verbs as oppo®d to datements about mere dependence. In addition,
many of the fundiondly characterized entitiesBnot jug "periphea” ones D have direct
connectionsto entities tha are not dgpendent on fundiond characterization.

In Lewis 1972 nurder mystery case, typica components of the causal rolesin the
theory given by he dédective are "met thevictim in Ugandd' and "planted the bonb in
theattic." In the car engine case, atypical role is "mixes fud with ar." Here fundiond
roles are specified in terms of conaete causal relationsthat are antecedently undestood
(planted the bormb, mixes fud with ar). And in many cases, thefundiondly
characterized entity has direct relationswith entities that are notfundiondly
characterized (met thevictim in Ugandg mixes fuel with air.) These features impose
condraints on realization in away that isinternd to the fundiond specification, &
oppoxd to beng imposed by an additiond commentary. Smilar results might be
obtained by gecifying the causal rolesin thinng and nore abgract terms, but then
imposng restrictionson ocupants exogenougy (asin "al occupants have to bedistinct

physcal objects," €c.).
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(ii) The special features of these exanples are not appicable in the cases that the
Ranmsey-Lewis analysis is suppo®d to hdp uswith.

When the Ramsey-L ewis gpproach is applied to the mind, we then deal with asystem in
which these sorts of thickly specified causa relationsare typically not available for use in
fundiond specification. Ingead, we are confronted with asystem with apeaiphay anda
rich internd structure. The states to becharacterized have few direct linksto entities not
dependent on functiond characterization, and therelationsbeween mog states will be
treated as abdract dgpendence relations.

(iii) The Ramsey-Lewis approach can besupplemented with addtional condraints of the
kind discussed earlier.

We should notexpect the Ramsey-Lewis gpproach to automatically avoid triviality
problems, butthis gpproach can, like the mapping goproach, be supplemented with extra
condraints. Both the condraints discussed earlier in this section may beused; we can
excludegerrymandered collections and require that some kindsof fundional roles be
occupied by detina pats whose sates can vary independently.

At least some discussionswithin the Ramsey-Lewis goproach may have always
had these extra condraints in mind. Lewis, in paticular (e.g., 1994) may have envisaged
tha the occupants of roles berecognizable as bona fde pats of the system, by acriterion
independent of the utility of a paticular functiond description. The versionsof
fundiondism mog troubled by the arguments discussed hee are those developed
specifically to geer apah baween the identity theory and bénaviorism Bseeking ©
avoid the redudionism and "chauvinism" of the identity theory while retaining theidea
tha mental states are inner causes of behavior. This is wha generates the idea of an
abdract "functiond dtate” tha can enter into causal explanaionswhile retaining
"autonony" in relation o the system's physcal make-up (Fodor1981) Seering such a
pah is hade than has been suppo®d. This threat is tha such views will ether collapse
into beéhaviorism, or start to draw on the sorts of physcal features tha were to bekept a

arm's length.
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In conduson, riviality arguments are notfatal to fundiondism, butavoiding them is not
as easy as many funaionalists assume. Dealing with the arguments requires a treatment
of localization and therelationsbeween levels tha is a oddswith much 20t century
fundiondist thinking. Further, if functiond description isto belogicaly stronge than
behavioral description, hen whether a behaviorally gppropriate system realizes a
paticular functiond structure should beseen as a gradient matter.
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