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Abstract

For the three-dimensional Poincaré conjecture — “every simply connected closed 3-manifold is homeomorphic to the 3-
sphere §3” (Perelman’s theorem) — we present a structural interpretation based on the 7 = 2 uniqueness theorem (

dm/dr = 4m). The argument proceeds in three stages.

Stage one: we set side by side the three conditions involved in the proof — the uniformity of shell mass n = 2, the Ricci
flow equation 8,g;; = —2R;;, and simple connectivity 7y (M 3) = 0 — and fix the logical position of each. What drives the
convergence is the Ricci flow together with simple connectivity; the uniformity m = 2 expresses, in the vocabulary of

geometry, a property satisfied by the destination S 8 (Section 2).

Stage two: we read the monotone increase of Perelman’s W-entropy functional W(g, f, T) as the optimisation of rendering
load in the Universe OS (Proposition 3.1). The 4 in the factor (477) =3/2 of its integrand comes from the normalisation of
the heat kernel, and its derivation runs along a different path from the solid angle Vol($2) = 4w — the same number, at a

different address (Section 3).

Stage three: we place the uniformisation by the Ricci flow 8;g;; = —2R;; and surgery within the row formed by the
resolution of the Poincaré conjecture in each dimension and the shell-conservation exponent n = d — 1, confirm that there

is no derivation between the two, and give a dimension-by-dimension map (Section 4).




Scope of this paper (scope note): This paper presents a structural interpretation of a proven theorem. The three-
dimensional Poincaré conjecture was proved by Perelman (2002—2003) using Hamilton’s Ricci flow and surgery; this paper
takes no part in that proof and proposes neither an alternative proof nor a simplification. The monotonicity of the W
functional is likewise Perelman’s theorem and holds independently of the reading given here. Reading the Ricci flow as the
optimisation of rendering load is an interpretation, not a theorem. The three conditions of Section 2 are not equivalent to one
another; they are statements about different objects (a density distribution, a metric, a fundamental group). The Ricci flow
used here is also, by Friedan’s theorem, the renormalisation group flow of the target metric of a two-dimensional sigma model
(Paper 110). What this paper adds is that it expresses the uniformity of the destination S3 of the Poincaré conjecture in the
vocabulary of the n = 2 uniqueness theorem; that it builds a table of correspondences between Perelman’s geometric
concepts and the Universe OS picture; and that it tells apart the two different addresses — the normalisation of the heat kernel

and the solid angle — from which the same 4 appears.

1. Introduction: The Poincaré Conjecture and Perelman’s Geometrization Theorem

1.1 History of the 3D Poincaré Conjecture

The Poincaré conjecture, posed by Henri Poincaré (1904), was proved by Grigori Perelman (2002—2003) using Hamilton’s

theory of Ricci flow together with surgery on singularities.

1.2 Positioning of the Structural Interpretation

This paper applies the n = 2 uniqueness theorem (Paper 01) and the 47 mass cancellation theorem (Paper 02) to Perelman’s
mathematical proof, and offers the information-theoretic view that “the Ricci flow can be read as the spatial-memory

optimisation and rendering-uniformisation process of the Universe OS.”



2. The Three Conditions (Triple Enforcement Principle) and Their Logical Position

Proposition 2.1 (The Three Conditions and Their Logical Status)

Three conditions are involved in the process by which a simply connected closed 3-manifold M3 converges to the

standard sphere S3:

i. Analytic condition: the uniformity condition for the shell mass growth rate of a spherically symmetric density
distribution, n = 2 (m(R) = 4w« R).
ii. Dynamical condition: Perelman’s Ricci flow equation % = —2R;;.

iii. Topological condition: simple connectivity 71 (M3) = 0.

The three conditions are statements about different objects. (i) is an analytic condition on a density distribution on R3, (ii) is
a partial differential equation on a metric, and (iii) is a topological condition on the fundamental group; they are not

equivalent to one another.

The logical relation is as follows. What actually works in the proof of the Poincaré conjecture is (ii) and (iii), due to
Perelman (2002-2003). Condition (i) is a property satisfied by the limit S3, not a cause that drives the convergence. The

role of (i) in this paper is to supply a geometric vocabulary for characterising the destination.

2.1 Structural Correspondence with Perelman’s Proof

The correspondence between Perelman’s geometric concepts and the information-geometric concepts of this framework is
as follows:

* Ricci flow 0;9;; = —2R;; <= smoothing protocol for spatial rendering load

e Perelman’s W-entropy <= spatial memory compression efficiency (crash-avoidance rate)

¢ Neck-pinch singularity <= n > 2 micro-singularity freeze (data congestion)

e Surgery <= forced reformatting by the Yamagishi patch m = 4w

o Standard sphere S <= perfectly uniform rendering grid (m(R) = 47 R)

3. Structural Correspondence with Perelman’s YW-Entropy Functional

Perelman’s W-entropy functional is defined by

W(g, f,7) = /Ms [7(R+|VF*) + f— 3] (4r7)~32e~F AV



and increases monotonically under the Ricci flow (% > 0).

Proposition 3.1 (Information-Theoretic Reading of W-Monotonicity)

The monotone increase % > 0 of the W functional expresses the process by which the Ricci flow smooths out
irregularities of curvature and drives the manifold toward a uniform state. Read in the Universe OS picture, it can
be associated with an optimisation protocol minimising the spatial rendering load. Perelman himself introduced

W by analogy with entropy in statistical mechanics.

3.1 Two Addresses of the Factor 4m

The 47 in the factor (477) =3/2 of the integrand and the solid angle of the two-sphere Vol(S8?%) = 4m are numerically equal,

but their derivations run along different paths.

 The 4r in (471) —3/2 is the normalisation constant of the heat kernel (Gaussian kernel). It arises from the one-

dimensional Gaussian integral

[0 o)
/ e="/7) do — \/Anr

and in three dimensions is cubed to give (477)3/2. The 4 here comes from the convention e~1**/(47) in the exponent
g p

for the heat equation 8yu = Aw, and the 7 from the Gaussian integral [ e~dz = NS

* Vol(5?) = 4 is the solid angle of the two-sphere, arising from [ sin 6 df f027r d¢ = 4.

The two agree numerically, but their derivations share nothing. The discipline of Paper 48 — not to count numerical

coincidences of different origin as one — applies here too.

The monotonicity of the W functional itself is a rigorous theorem of Perelman (2002) and holds independently of the

interpretation in this paper.

4. Perelman’s Theorem and an Arrangement by Dimension

Theorem 4.1 (Perelman 2002—-2003): A simply connected closed 3-manifold M3 is homeomorphic to the standard 3-
sphere S3.

Theorem 4.1 is Perelman’s theorem, and its proof rests on the Ricci flow and surgery. This paper gives a reading of that

theorem.



4.1 Arrangement by Dimension

We set side by side the resolution of the Poincaré conjecture in each dimension and the corresponding shell-conservation
exponent. The relation between the exponent n and Vol(S%~1) is Theorem 4.1 of Paper 06 (n = d — 1,
Vol(841) = 2742 /T(d/2)).

Dimension d Resolution

2 Classical n=1 2w

3 Perelman (2002-2003) n=2 4T

4 Freedman (1982), topological n=3 272

>5 Smale (1961) n=d-1 2742 /T(d/2)

There is no derivation between the right two columns and the left two; the table is for setting the two side by side. That the
higher dimensions were settled earlier (Smale 1961 — Freedman 1982 — Perelman 2003) reflects the topological fact that

surgery has more room in higher dimensions, and is a different matter from the values of Vol(§%-1).

5. Conclusion

This paper has presented a structural interpretation of the three-dimensional Poincaré conjecture proved by Perelman.
1. The logical position of the three conditions involved in the proof: what drives the convergence is the Ricci flow
together with simple connectivity, and the uniformity n = 2 expresses a property of the destination §3 (Section 2).
2. A view that reads the monotone increase of the W functional as the optimisation of rendering load (Proposition 3.1).
3. The 47 of the heat kernel and the 44 of the solid angle are the same number at two different addresses (Section 3).
4. The resolution of the Poincaré conjecture in each dimension set side by side with the shell-conservation exponent

(Section 4).

Closing remark: the view that reads uniformisation by the Ricci flow as “optimisation of rendering load” gives an intuitive
entrance to this deep mathematical result. And just inside that entrance, the same 47 appears from two different places: the

spreading of heat and the angle over all directions.



Revision Record

3rd edition (September 2026): The format was brought into line with the current template (the positioning and the relation to
Paper 110 gathered into the scope note directly after the abstract, and the closing “statement of scope” removed). In the title,
“Information-Geometric Reformulation” became “A Structural Interpretation”; in the subtitle, “Spherical Enforcement” and
“Isomorphism” became “Uniformization toward the Sphere” and “Structural Correspondence”; and the abstract’s “we prove
that it is isomorphic” was brought into line with the body as the presentation of a reading. DOIs were added to the corpus

references.

2nd edition (July 2026): Three statements of the first edition were removed — that the three conditions are equivalent to one
another, that the 47 in (477) =3/2 i5 the solid angle Vol(S?), and the presentation as though this paper proved the main

theorem.
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