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A skeptical worry known as ‘the indeterminacy of computation’ animates much recent philosophical reflection on the computational identity of physical systems. On the one hand, computational explanation seems to require that physical computing systems fall under a single, unique computational description at a time. On the other, if a physical system falls under any computational description, it seems to fall under many simultaneously. Absent some principled reason to take just one of these descriptions in particular as relevant for computational explanation, widespread failure of computational explanation would appear to follow. This paper advances a new solution to the indeterminacy of computation. Very roughly, I argue that the computational identity of a physical system is determinate relative to a contextually specified way of regarding that system computationally—known as a labelling scheme. When a system simultaneously implements multiple computations, it does so relative to different labelling schemes. But relative to a fixed labelling scheme, a physical system has a unique computational identity. I argue that this relativistic conception of computational identity vindicates computational explanation in the face of simultaneous implementation.
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Notes
	The term ‘indeterminacy of computation' was coined by Jack Copeland (see Fresco, Copeland and Wolf 2021, p. 12755) and is gaining currency; see also (Fresco and Milkowski 2021). The issue is also known as ‘the problem of simultaneous implementation' (Shagrir 2001, 2020; Dewhurst 2018b), and ‘the multiplicity of computations' (Piccinini 2008, 2015; Coelho Mollo, 2018; Lee 2021).


	Also called ‘syntactic structures’ (Shagrir, 2001) or ‘computational models’ (Rescorla, 2013).


	As we will see, string-theoretic and numerical computations have very different implementation conditions. But from a mathematical point of view, the differences between these two kinds of computation are less important. It is typical to start with string-theoretic computations and then define numerical computations by taking strings as representations of numbers (e.g., Davis, 1982). However, it is also possible to develop computability theory directly in terms of numerical computations (e.g., Davis et al., 1994, ch. 2–4).


	I will move back and forth between talk of physical systems ‘satisfying computational descriptions’ and ‘implementing’ or ‘realizing’ computations, taking these to be roughly equivalent.


	Not everyone will agree with this way of framing the debate. For instance, Shagrir (2001, p. 382) claims that computational identity involves semantic properties over and above implementation. But this is because Shagrir endorses a wholly non-semantic account of implementation. Rather than claiming that computational identity involves something in addition to implementation, it is more straightforward to see Shagrir as proposing a semantic account of implementation.


	There is some dispute about whether this is a genuine alternative to the computation in (2) (Piccinini, 2020b, p. 153). There is also dispute about whether there is one kind of indeterminacy at play here, or two (Papayannopoulos, Fresco, and Shagrir, forthcoming). My own view is that there is just one; see Sects. 3.2 and 4.4.


	Note that simultaneous implementation falls short of pancomputationalism, the claim that every physical system simultaneously implements every computation. See (Shagrir, 2001) for discussion.


	Fresco et al. (2021) make a similar point in the context of natural computing systems. They suggest that it is evolutionarily beneficial if a given neural component can subserve multiple distinct neural processes.


	This has been challenged, but I will grant this assumption here. See (Egan 1995) and (Peacocke 1999) for discussion.


	Fresco (2021) defends a ‘long-arm’ anti-individualist view, in contrast to Piccinini’s ‘short-arm’ view. Although I focus on Piccinini’s version here, the objections raised below apply equally to both.


	See (Rescorla, 2014) for other examples in this vein.


	There are a few interesting instances of the ternary computers in the history of computer science. Perhaps the most notable are the Setun machines, developed in the 1950s and 60s. For discussion see (Brusentsov & Ramil Alvarez, 2011) and references therein.


	Thanks to an anonymous referee for urging me to clarify this point.


	(Cormen et al., 2001, p. 26). Crudely, the running time of an algorithm is Θ(f) for some function f if for sufficiently large inputs the running time is bounded above and below by f, up to some constant factor.


	This view resembles more traditional causal views of computation (e.g. Chalmers, 1996a), but goes beyond them by endorsing the empirical claim that functionally characterized computations are realized by mechanisms.


	At least to a very rough first approximation. In saying this I do not claim that all computational explanations identify routine, step-by-step processes. I merely claim that it is sufficient for a given explanation to constitute a computational explanation that it take this form.


	But see (Papayannopoulos et al., forthcoming) for an alternative take on the situation.


	Blackmon (2013) also emphasizes the relativity of implementation. For connections between the applicability of mathematics and computational implementation see (Matthews & Dresner, 2017) and (Schweizer, 2019a).


	At least, up to any indeterminacy in the properties cited by the specific scheme. Although this is itself a serious issue, I will not pursue it here.


	To be clear, I do not claim that a system’s computational identity is determined by the total set of computations it implements (as in Milkowski, 2013). Rather, I claim that computational identity is determined only relative to a fixed labelling scheme. Relative to a fixed scheme, a system’s computational identity is determined by the computation implemented under that scheme.


	Although I will not argue for it here, this appears to be a general feature of applications of mathematics. To take Frege’s (1884) example, a single expanse of matter may simultaneously constitute one deck and fifty-two cards. There is no inconsistency in describing the matter simultaneously as one and as fifty-two, because these descriptions apply relative to the concepts DECK and CARD, respectively.


	In this respect, computability theory and related branches of theoretical computer science play a familiar unifying role encountered elsewhere in science (Kitcher, 1981).


	Thanks to an anonymous referee for pressing me on this point.


	Scientific perspectivalism is itself a large, challenging topic, and I cannot hope to do justice to all the subtleties involved here. For more, see (Chakravartty, 2010), (Massimi, 2018), and (Massimi & McCoy, 2019), among many others. For detailed discussion of computational perspectivalism in particular see (Coelho Mollo, 2019).


	At times, Dewhurst’s remarks suggest a more epistemic reading; see (Coelho Mollo, 2019) for an interpretation along these lines.


	There is, of course, longstanding philosophical disagreement about the nature and status of mathematical objects. Rather than rehearse that debate here, I would instead emphasize that my view is compatible with a wide range of background views in the philosophy of mathematics. While some such views might lead to ontic perspectivalism, others arguably do not.


	For promising initial moves in this direction, see (Fresco et al., 2021) and (Fresco 2021).
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