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Abstract
Computational reflection is the ability of a system to inspect and modify itself. It has resisted
static reasoning, especially in reflective languages, where semantics can change during program
execution. We argue that reflection should be revisited in light of progress in verification and large
language models. By requiring reflective modifications to carry proofs, it becomes possible to prove
system properties even for reflective systems. This “reasonable reflection” could open up new ways
of organizing self-improving systems.
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1 Reasonable Reflection

A computationally reflective system can inspect and modify itself. In the lineage of the
reflective towers (3-LISP [20, 19, 21], Brown [9, 24], Blond [7, 6], Black [4, 3], Pink &
Purple [2]), the meta level was data: evaluator components were ordinary bindings, modifiable
from within. The capability was elegant and the systems resisted reasoning. Wand [23]
showed why in one (syntactic) setting: first-class meta-level access collapses equational
reasoning to alpha-equivalence. The same period saw Lenat’s Eurisko [13], in which heuristics
produced new heuristics, with the same problem on the soundness side. Reflection in both
lineages was rich and ungovernable, and the field retreated to safer ground: staging, macros,
constrained metaprogramming. Java reflection and JavaScript eval earned reflection a bad
reputation in production languages.

Reflection became unreasonable not because it is inherently so, but because checking was
out of reach. Now, two things have changed.

First, the checker discipline is becoming practical at scale. LCF [15, 16] carved
out the pattern: an untrusted frontend produces evidence, a small trusted checker validates it.
The mechanism varies: an abstract thm type (in LCF and Isabelle [18]), proof-term checking
(Lean [17], Rocq [22]), semi-automation based on SMT solvers (Dafny [12], Verus [11]).
Tactic-style metaprogramming extends the discipline to programs themselves: gated by the
kernel, meta-level extensions become proof-carrying metaprogramming. Ideas from verified
compilation [10] pave the way to verified reflection.
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reify
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Figure 1 The gated reflective tower. Each level boundary admits two reciprocal motions:
reification lifts running computation at level N into data at level N+1; reflection makes data at
level N+1 the running computation at level N . Both pass through the gate at that boundary,
which consults the policy stored at the level above – the policy is itself reflectively modifiable, but
only through the gate one level up. The yellow cell holding base-apply appears twice, causally
connected [14]: at level 1 it is data in the env (mutable by set! through a reflection step); at
level 0 it is the dispatcher in effect for the user program’s calls. The green path traces a concrete
admission: (em (set! base-apply multn)) at level 0 lifts the set! to level 1 (a reification of the
proposal); accompanied by a conservative-extension (CE) proof π, it is admitted at gate@0↔1;
level 1’s base-apply is updated, and subsequent (2 3 4) at level 0 dispatches as multiplication.

Second, machine-generated proposals are becoming practical. Large language
models can propose modifications along with proofs that the modifications will support the
invariants and desiderata of the system, while only the mechanical kernel remains trusted.

This proof-carrying discipline enables reasonable reflection: arbitrary modification of
the meta level, gated by an independent kernel.

2 Rational Defense

The pattern has three components:
a substrate, the system to be modified, e.g., an interpreter, a program transformer, a
derivation calculus, a heuristic agenda;
a gate, ideally small, trusted, and mechanical, e.g., a sandbox, a type checker, a verifier,
a proof kernel;
a proposer, who proposes a modification together with the evidence the gate requires.
The proposer can be a human, a language model, or a search procedure; the evidence
takes whatever form the gate expects.



N. Amin 1:3

Instances vary along several properties of the gate and of the system:
Substrate kind: what the gate deals with, e.g., an interpreter, a program transformer,
a derivation calculus, a heuristic agenda.
Modification kind: what change the gate approves or rejects, e.g., a heap-cell mutation,
an axiom-schema extension, a rewrite, a defeasibility rule.
Evidence kind: the artifact the gate examines, e.g., a sandbox trace, a type derivation,
a discharged specification, a kernel-checked proof.
Policy: the local criterion each admitted modification must satisfy, e.g., avoids unsafe
constructs, type-checks, discharges the specification, is a conservative extension.
Guarantee: the global property that emerges across composed admissions, e.g., overall
non-crashing, preserved β-equivalence, type-safety invariant.
Reflective depth: whether the gate itself is modifiable by the reflective system, e.g.,
a single static gate, or a multi-level tower in which the gate’s admission criteria are
themselves modifiable through the gate one level up.

3 Artifacts

Current artifacts are available from: https://github.com/namin/reasonable-reflection.
We highlight an instance (Figure 1). The substrate kind is a reflective tower of

interpreters inspired by Black and CakeML.
From Black [4, 3]: the apply rule is an ordinary heap cell in each level’s meta-environment,
modifiable via set!; the reflective shift (em ...) makes the meta-level data, and the
causal connection between meta and object is the heap; nested (em (em ...)) reaches
multiple levels deep.
From CakeML [10]: value bisimulation by data refinement, with closures related pointwise
through their captured environments, is used to reason about conservative extension.

The modification kind is set! on the base-apply heap cell. The evidence kind is a
kernel-checked Lean proof. The policy is per-modification conservative extension. The
guarantee is that the substrate is always a conservative extension of the base. The reflective
depth is multi-level: the gate is itself reflectively modifiable through the gate one level
up. For example, we admit the application of a number as multiplication by that number,
following an introductory example [1] in Black: (2 3 4) evaluates to 24, while (+ 1 2)
remains 3. Conversely, a wrapper that would double every numeric result is refused at
admission: no conservative-extension certificate exists, and the kernel rejects the record
before it enters the runtime state. Admissions compose at a single gate and apply at deeper
levels of the tower: a modification proposed via (em (em ...)) is gated at level 2, affecting
how level 1 dispatches.

4 Open Questions

The premise of the keynote is that the LICS community is positioned to develop the theory of
these reflective systems as the practice of building them becomes accessible. Open questions
span the classical axes: equational theories that survive gated reflection, semantics of evolving
systems, proof theory of iterated reflection [8, 5], and a negative theory of which substrate-
gate pairings are inherently incompatible. Reflection is not inherently a boundary of what
we can reason about.
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