
MemoryAthena: E-Anchored Routing over Direct and Generated Memories

1 Motivation / Prior Memory Decomposition

Prior work decomposes
memory into reusable
components.

Memory system in prior work

Addressing
(how to look up)

Stored Memory
(what to store)

Target-side Reader
(how to use)

? Can useful memory
also be generated?

2 Three Memory Pathways
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Direct retrieval, retrieval-conditioned generation, and context-conditioned generation.

3 E-Anchored Router

Lightweight causal routing head

Causal features
(from current state)

Router
(lightweight MLP)

Pred. advantage
of GE vs E ΔGE

Pred. advantage
of GH vs E ΔGH

Confidence
(in memory usefulness)

c

Admission and selection

Eligible if
advantage > τ
and confidence > τ

Select best
eligible candidate
(g ∈ {gGE, gGH})

Memory update
(bounded interpolation)

r = e + α(g − e)
α ∈ [0, 1]

If no candidate is admitted
→ exact E fallback

r = e

4 Training and Inference

4a Training the Routing Head

Freeze backbone, memory,
generators, and readers.
Train only the routing head.

Teacher-forced endpoint evaluations
(for each position)

E
pE

GE
pGE

GH
pGH

Counterfactual future-token likelihood advantage
(ΔGE, ΔGH) as supervision for the routing head

4b Inference (Test Time)

Causal features only
(from current state) Trained

Router

Admit generated memory?
( GE or GH )

Yes → r = e + α(g − e)
(g is selected candidate)

No → r = e
(exact E fallback)

Generated memories act as candidate corrections
to direct memory.

Outcomes and Takeaways

Question
Answering

General
NLP

Generated memories can
complement direct memory,
but must intervene only when helpful.

Candidate quality alone is insufficient;
routing must learn when and how
strongly to intervene.
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