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Traditional taxonomies of long-term memory mark a distinction between episodic memory, the
capacity to relive events in one’s personal past, and semantic memory, the capacity to remember
general facts about oneself or the environment. Recently, such distinction has fallen under heavy
scrutiny (Aronowitz 2022; Gentry and Buckner 2024). Given the interactions between episodic
and semantic memory under consolidation, and the fact that some memories present both episodic
and semantic features, philosophers and cognitive scientists have argued that there is no clean
distinction between these memory systems. Instead, these researchers argue that episodic and
semantic memory form a continuum. However, what is missing from this literature is an account
of why this continuum exists and of the computational principles that underlie it. In this paper, I
defend that such continuum is adaptive due to the constraints of rate-distortion theory.

Rate-distortion theory is a formal account of the idea that for any representation to be as
faithful as possible, it must be as complex as its target. For example, a map of a city will be
more accurate the more it encodes details about the city itself. Yet, doing so would diminish its
usefulness as a map. As such, there is a trade-off between representational complexity and fidelity.
In line with this trade-off, rate-distortion theory asks how many bits of information can one remove
without distorting a source beyond a certain point. Where R € R is a representation’s rate (roughly
equivalent to its length and complexity), and d : X XY — R is a function that measures how
much distortion there is between a representation and its target, Shannon (1959) proves that, for
any distortion value d’' , there is a single lowest value of R that meets the distortion d’, denoted
as R(d'). Likewise, for a set rate R, d’ is the minimum amount of distortion one can expect for a
representation of that complexity.

Rate-distortion theory thus places a hard constraint on information processors. It stipulates
that, for any distortion between a representation and its target, the complexity of that representa-
tion must be at least R(d"). Like other constraints, it sets hard limits on the value of representational
complexity. Moreover, the theory is external to how an information processor is implemented, is
fixed relative to other factors in the vicinity and guides the explanandum outcome, rather than
triggering it. Per Ross (2023), these features are characteristic of hard constraints, which explain
why it is impossible for some systems to feature some properties or instantiate some values.

Being systems that process information from the past, episodic and semantic memory have
to follow the constraints of rate-distortion theory. Moreover, the continuum between these sys-
tems naturally mirrors the range of possible pairs of rate and distortion values. Whereas episodic
memories are complex representations (i.e., with higher rates) that faithfully reconstruct the past
(hence, with a lower distortion), semantic memories are simple representations (lower rates) that
do not capture the details of past events (higher distortion). Having both of these memory systems



is adaptive in so far as they capture both ends of the trade-off: they allow for us to use simple
representations when accuracy is not paramount, while having the option to use a more complex
representation when we need less distortion. It also allows us to make generalizations and learn
patterns without the cost of losing specific information about past events.

Moreover, one consequence of rate-distortion theory is that overlapping representations are more
efficiently encoded as one representation (Berger 1971). Some experiments suggest that our memory
systems function in this way. The Mnenomic Similarity Test was designed specifically to measure
participants’ ability in recognizing old stimuli and telling them apart from similar, though different,
items (Kirwan and Stark 2007). Different studies in this paradigm have consistently shown that
target repetition in the encoding phase is correlated with participants’ misclassification of lures as
old items (Reagh and Yassa 2014). This is predicted from rate-distortion theory: correlated and
overlapping messages can be lumped into a single representation for efficient encoding. While this
happens at the cost of higher distortion, it is a way for our memory system to spare the amount of
resources dedicated to remembering the past.

In summary, rate-distortion theory provides a formal account of why episodic and semantic
memory systems form a continuum. According to this account, such continuum is adaptive because
it allows for our cognitive system to flexibly use representations that fall on either end of the
rate-distortion curve.
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