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Abstract

Let k have characteristic two, let Eg = F5 /(1) for a nonempty finite set S, and let
Jg be the augmentation ideal of k[Es]. We compute the ordinary and derived right Kan
extensions of Fy(S) = Js/J2 from sets of cardinality at most 7, retaining all functions
between finite sets. For 2 < r < |S|, every nonzero positive derived group is the natural
module A”(k%/k1), and it occurs precisely in degrees max(1,7 — d),...,r — 2. The
ordinary kernel and cokernel are also explicit. Consequently S — K(F4(S), h) has least
uniform reconstruction cutoff d+h+1. A second calculation gives the full FI homology
of the dual Boolean-polynomial module: one trivial representation in cardinalities i 4+
2,...,i+d in homological degree i. The proofs use a filtered complement-norm sequence
and standard simplex and FI homology. The underlying binary-complement functor and
the polynomial filtration have established antecedents; the subject here is their specific
modular reconstruction calculation.

Keywords. Right Kan extension; FI homology; Boolean polynomials; augmentation ideal;
symmetric simplicial diagram.

1 The reconstruction question and the results

Restriction to small finite sets supplies local information about a diagram. Recovery of the
whole diagram asks for more than detection of a nonzero element: compatible local data
must have a global source, and a homotopy limit also records higher compatibility. This
note computes all three effects for one concrete family.

Let F be a small skeleton of the category of nonempty finite sets and all functions. Fix
a field k of characteristic two. For S € F put

Es=F5/(1),  Js=ker(k[Es] > k),  FuS)=Js/JE (d>2).

A function f: T — S induces pullback Fg — E7, hence maps on group algebras, augmen-
tation ideals, and their quotients. Thus Fy is a contravariant functor on all functions. The
parameter d is an augmentation-filtration cutoff; it is not a left-Kan generating degree or a
homotopy truncation.

Write 4, : F2. < F°P for the full inclusion on cardinalities 1,...,r, and set

R,X = Ran;, (i, X), nr: X — Ry X.

For vector spaces, R, initially denotes the ordinary right Kan functor and RIR, its right-
derived functors. For spaces we use homotopy right Kan extension. The cutoff r is a
cardinality; the conventional symmetric-simplicial coskeletal dimension is r — 1.

Define the covariant zero-sum module and its contravariant dual by

Us = ker(k° 2, k), Qs=Fk/k1=U;.



The covariant map on U sums along fibers; the map on @ is pullback. These conventions
fix the variance of the representations below.

Theorem 1.1 (The reconstruction groups). Let d > 2 and 2 < r <n =|S|. The ordinary
unit has
JL)JE r<d,

coker n,(S) =
0. P> d nr(5)

kermy (S) = { {ATQ& r <d,

0, r>d.

Its positive derived groups are naturally

(RIR, Fy)(S) =

A" lr—d)<g<r-—2
{ QS) ma’X( 7T d) — q — r 9 q Z 1 (1)

0, otherwise,

The isomorphisms respect all finite-set maps, in particular all symmetric-group actions. For
n < r the unit is an isomorphism and the positive derived groups vanish. At r = 1, every
restricted value is zero.

Here and below a displayed cokernel identification means a natural isomorphism. Since
dim Qg = n — 1, the exterior module has dimension (";1). The theorem does not assert
that the derived object splits equivariantly into its cohomology groups.

Theorem 1.2 (Sharp homotopy reconstruction). For d > 2 and h > 0, the space-valued
diagram
Xan(S) = K(F4(5), h)

has least uniform homotopy right-Kan cardinality cutoff

r=d+h+1.]

Here K(A,0) is the discrete underlying additive group. Equivalently, the least coskeletal
dimension is d + h.

At the preceding cutoff » = d + h, failure already occurs on a set of size r + 1. For
h = 0 it is a one-dimensional ordinary cokernel. For h > 1 the target has a nonzero
group of connected components while the source is connected. This lower bound tests the
comparison map itself.

Theorem 1.3 (Exact FI homology). Let W, be the covariant FI-module of complement-
tnvariant Boolean polynomials of degree at most a, modulo constants, with value zero at the
empty set. Fora=d—12>1,

12

H'(Wa-1)([n])

{ktriV7 ’L+2§n§2—|—d, in > 0.

0, otherwise,
Writing t;(M) = sup{n : H'(M)([n]) # 0} and reg(M) = sup;so(t;(M) — i), we have
tz‘(Wd_l) =1i+d and reg(Wd_l) =d.

The duality W,_1(S)* = Fy4(S) will be established below. The FI calculation provides
an independent algebraic description of the full proper-subset obstruction. It is not used
to equate a proper-subset cube with an arbitrary smaller cutoff.



1.1 Antecedents and scope

Finite-set reconstruction and polynomial classification are established subjects. Hora—
Kamio-Maehara’s Lemma 2.3.6 and Proposition 2.3.7 express ordinary symmetric-simplicial
reconstruction through compatible subset data and cycle filling [1]. Church—Ellenberg’s
Theorem C identifies the least ordinary FI presentation cutoff with the maximum of the
generating and first relation degrees [2]. The ordinary bound here is a calculation for a
particular module within that theory.

The binary-complement symmetric diagram already occurs in Greene—Welker—Wille,
Section 5.1 [3]. Its reduced linearization is the cut module considered here. Powell’s deletion-
kernel filtration is also an antecedent: Definition 3.3 and Theorem 4.5 of [4] treat that
filtration and labeled-surjection layers in characteristic zero. Powell-Vespa’s Theorem 6.15
and Corollary 7.4 compute related labeled deletion complexes [5]. Passing to unordered
cuts in characteristic two cannot be justified by assuming exactness of target-permutation
coinvariants.

The augmentation/Boolean-degree correspondence is classical; see the Berman—Charpin
theorem in the form proved in [6, Theorem 3.6]. More precisely, over Fo the module
W, is the classical polynomial truncation p,I of the reduced Boolean injective, composed
with S — ker(IF[S] — Fa); extension of scalars gives arbitrary k. Powell describes that
polynomial filtration and its exterior factors in [7, Section 2].

There is also an exact pointed antecedent. On finite pointed sets and root-preserving
maps, the rooted monomials [],c4(zs + zo) identify W, with Richter’s B,, defined in
Section 4.3 of [8]. Its objectwise linear dual is her ¢t*. Richter’s Lemmas 4.3-4.4 and
Theorem 4.5 establish its polynomial degree and its role in a derived Taylor approximation.
The calculation below retains arbitrary maps between unpointed finite sets and computes
their cardinality right-Kan unit; it is not a claim that the pointed coefficient family is new.

The contribution claimed in this note is the explicit modular all-cutoff calculation, its
natural modules, and the resulting sharp bound for X;;,. No new general polynomial-
recognition principle, new filtration, or new binary-complement functor is asserted. Ad-
ditional rank-filtration comparisons and remaining access limitations are recorded in the
accompanying priority report.

2 All probes and the subset matching tower

Let IC,-(S) be the poset of nonempty actual subsets 7' C S with |T| < r. Its arrows are
inclusions. Pointwise right Kan extension is indexed by

(F<:/5)%,

whose objects are functions B — S with |B| < r. Thus noninjective probes are present in
the definition.

Lemma 2.1 (Image reduction). For every contravariant diagram X in a complete ordinary
or infinity-category,

R-X)(S)~ lim X(T).

(ReX)(S) = Jim  X(1)

For homotopy coefficients the limit on the right is a homotopy limit.
Proof. In F<, /S, the image operation is left adjoint to the inclusion of /C,.(S). Indeed, a

map over S from f: B — S to an inclusion T' — S exists uniquely exactly when im f C T
Taking opposites makes the subset inclusion a left adjoint, hence initial for limits. This



proves the assertion for arbitrary diagrams. The factorization through the image supplies
the relevant contractible comma category; it accounts for identifications and automorphisms
of noninjective probes. An inclusion over S has no nontrivial automorphism. Relabeling S
preserves this construction. ]

Put L, X(S) = holimy, (g)ee X (7T') and

Mx (T) = holim X (U).
x(T) = holim X(U)
At the first omitted cardinality r = |S| — 1, the right-Kan comparison is exactly the proper-
subset matching map. At a smaller cutoff it is a different map.

Proposition 2.2 (Matching attachment). For r > 2 there is a homotopy-cartesian square,
natural in X and under ambient injections,

LX(S) — [ x@
|T|=r
} \
L1 X(S) — ] Mx(T).
|T|=r

In stable coefficients, with éx(T) = fib(X(T') — Mx(T)),

fib(L, X (S) = L,—1X(5)) ~ € ox(T).
|T|=r

Proof. The new objects in the inverse subset category have cardinality » and no arrows
between distinct new objects. Their outgoing categories are their proper nonempty subsets.
Extending a cone therefore consists precisely of choosing a value at each new object together
with its compatibility over that outgoing category. This is the displayed pullback. Taking
fibers gives the stable formula. The actual subsets index the factors; relabeling permutes
them, and no extra fixed-point factor is introduced. O

This is standard matching-object attachment. It gives a filtration with connecting
maps, not a canonical splitting of the reconstruction obstruction. In spaces, moreover,
a contractible fiber at one chosen basepoint does not rule out missed components. The
sharpness proof will use such components directly.

3 Boolean duality and the filtered norm sequence
For a nonempty finite set S, let

P(S) = k[zs : s € S]/(2? — xs),

with degree filtration P,. The squarefree monomials form a basis. A set map f: S — S’
acts covariantly by xs — ' (,); collisions may lower degree. Simultaneous complementation
T(zs) = s + 1 commutes with these substitutions. Set

A=1+71, Hy=ker(AlP), W,=1{g€ Hy:g(0)=0}.

Evaluation at zero gives a natural splitting H, = k & W},
Choose a root sg € S and put ys = x5 + x5, for s # sg. The change to the y, and x4,
preserves degree filtrations in both directions. Complementation fixes every y, and sends



Ts, to s, + 1. Writing a function uniquely as g(y) + zs,h(y) shows that it is invariant
exactly when h = 0. Consequently

min(b,n—1) n—1
dim Hy(S) = Z ( j

) . gry H(S) = AbUS. (2)
j=0

For the second assertion, degree-one invariants form Ug, and the associated graded Boolean
algebra has square-zero generators. Multiplication induces the exterior-power map; the
rooted monomial basis proves it is an isomorphism. The construction is independent of the
root.

Lemma 3.1 (Augmentation duality). The group-algebra pairing with functions induces
naturally
Wa_1(S)* = Jg/JE.

The reduced cut module V(S) = k[Cut(S)] is naturally Js, by sending a nonzero complement
class e € Eg to [e] — [0].

Proof. A nonzero element of Fg is an unordered nontrivial cut. Pullback of a constant cut
gives [0] — [0] = 0, proving the last naturality assertion. In rooted coordinates choose the
dual additive basis gs of Fg and put ts = [gs] — 1. Then

k[Es] = klts : s # so]/(t2), (tB,ya) = da,B-

Indeed the pairing is a finite-difference sum over subsets of B, equal to zero unless A C B,
and then to 2/81=14l. Thus the annihilator of Jg consists of functions of degree at most
d — 1. Dualizing Jg/ Jg removes constants. The intrinsic pairing proves naturality beyond
the chosen coordinates. O

Lemma 3.2 (Filtered norm). For b > 1 there is a natural exact sequence on nonempty
finite sets

0—>Wb—>Pb/k}£>/€@Wb_1—>0. (3)
Proof. Complementation cancels the highest-degree part, so AP, C Hp ;. Its image is
invariant because A? = 0. For invariant g € H,_; and any s € S,
A(zsg) =g

This proves surjectivity without putting a coordinate choice into the definition of the map.
Its kernel is Hp. Quotient constants in the first two terms and use the evaluation splitting
of Hb—l- O

4 The ordinary cut obstruction

Let H(S) = ker A C P(S) and W(S) = H(S)/k = V(S)*. As vector spaces, the com-
plement action has free two-element orbits on the point basis of the Boolean cube. In
characteristic two this gives

0—H-—P5 H—0. (4)
Lemma 4.1. For2 <r <n,
colim P(T) = P,.(5), H(T)=H,_1(5) C P.(S5).
Sl PO = FAS). 5 HT)= Hea($) € A9



Proof. A nonconstant monomial has a unique support. Its occurrences in the subset di-
agram are identified through that support whenever its size is at most r. Constants are
identified through pairs, since r > 2. This proves the first statement.

An invariant on 7" has degree at most |T'| — 1, using a root in 7. Thus the displayed
sum is contained in H,_1(S). Conversely, fix a root sp of S. Every rooted monomial
[Teca(zs +xs,) of degree at most » — 1 comes from AU {sp}, a set of size at most r. Those
monomials span H,_1(.5). O

Proposition 4.2 (Untruncated ordinary calculation). For2 < r < n the cut module V= J
satisfies

ker(V(S) — R, V(S)) = Jg, coker(V(S) — R,V (5)) = A"Qs.
Proof. Right exactness of colimit applied to (4), followed by lemma 4.1, gives

(i’C()Tl(lél)lH(T) = P.(S)/Hr-1(S).
The comparison with H(.S) is induced by A. Its image is H,_1(S): degree drops by one, and
A(zs,9) = g supplies every invariant of that degree. Its kernel is H,(S)/H,_1(S) = A"Us.
The constant summands split naturally and compare isomorphically, so the same kernel
appears for colimW(T') — W(S). Its cokernel is W(S)/W,_1(S). Finite-dimensional
duality identifies R,V (S) with (colim W (T'))*. By lemma 3.1, the annihilator of W;_1(S)
is Jg. Dualizing the other kernel gives A"Qs. O

In particular
i1 " (n—1
dim ker n, = Z ( ) ), dim R,V (S) = Z ( ) )
— J — J
j=r j=1

For three labels and pair probes, the restriction matrix in the singleton-cut bases is

S ==

10
01
11

Its kernel and cokernel are both one-dimensional. The general calculation determines what
this small example alone cannot: all cutoff sizes and their natural module structure.

5 All higher derived groups and the filtered unit

Lemma 5.1 (Acyclic support diagrams). On the covariant category IC,(S), the diagram
Py/k is colimit-acyclic for every b > 1. Its colimit is Py, (S)/k.

Proof. For each nonempty support A of size at most min(b, ), its monomial contributes
the representable diagram
T+— k[HomKT(S) (A, T)]

These diagrams are projective, and their direct sum is P,/k. The support description also
computes the ordinary colimit. No equivariance of the chosen projective decomposition
under arbitrary ambient maps is needed for acyclicity. ]



The nerve of IC,.(.S) is the barycentric subdivision of the (r — 1)-skeleton of the simplex
on S. For 2 < r < n, its reduced homology is concentrated in degree » — 1. There is a
canonical identification

H,_1(|K(S); k) = A"Us. (5)

To see both facts algebraically, identify simplex chains in degree j —1 with A7(k°) and their
boundary with contraction by the sum functional A. If A(e) = 1, then k% = ke @ Us, and
contraction sends e A u to u while vanishing on A’Ug. The augmented simplex complex is
exact; truncation leaves precisely its degree-r kernel.

Proof of the positive-degree assertion in theorem 1.1. Write L; for the jth left-derived col-
imit over IC,.(S). From (3) and lemma 5.1, for j > 1,
LiWy, = Lj11Wy_1 ® Lji1k.

Starting with Wy = 0 gives

d—1

LiWg1 = P Lk (6)

t=1
The only positive derived colimit of the constant diagram is (5). Exactly one summand
contributes when 1 <r —1— 35 <d — 1, equivalently

max(l,r —d) <j<r-—2.

Finite-dimensional duality turns these derived colimits into the right-derived limits of Fj; =
W;_,. This proves (1). O

Proof of the ordinary assertions in theorem 1.1. If d > r, then J% = 0 for every |T| < 7,
since dimp, B < r — 1. Thus the restricted Fy diagram agrees with V. Factoring the unit
of proposition 4.2 through V/(S)/J¢ yields the asserted kernel and cokernel.

Suppose r > d, and put a = d — 1. Apply ordinary colimits to

0— Hor1 — Pata £>Ha — 0.

All monomial supports in P,; fit into the cutoff, so its colimit is P,;1(S). The image of
colim H,11(T) is all of H,11(5): a rooted invariant monomial of degree at most a + 1 uses
at most a +2 =d+ 1 < r labels. Hence the colimit comparison for H, is an isomorphism.
Remove the naturally split constants and dualize to obtain the ordinary reconstruction
isomorphism for Fj.

If n < r, the subset diagram has S as a terminal object before taking opposites, so
the comparison is an isomorphism and the higher groups vanish. For » = 1 the coeflicient
values are zero. ]

5.1 Naturality, including identifications

For f : S — S’, the image-subset functor T +— f(7T) maps K,.(S) to K,(S’). Together
with coefficient pullback along T' — f(T'), it induces the contravariant map on the derived-
limit models. In normalized chain models, repetitions in the image of a strict chain are
degeneracies. The norm sequence, the splitting by evaluation at zero, and their connecting
homomorphisms commute with these comparisons.

For constant coefficients the comparison is the simplicial map of simplex skeleta induced
by f. On chains it is the exterior power of es — ey(,); repeated vertices give zero. It
preserves U and therefore induces the expected map on A"U. Dualizing yields the all-map
module A"(Q). This verifies that the isomorphisms in the theorem are not merely separate
permutation-equivariant rank calculations.



5.2 The reconstruction fiber

Place Fy in cohomological degree zero and set

Sr,d(S) = ﬁb(Fd(S) — K]in{}églgp Fd(T)).

For 2 < r < n, the calculation gives
HE,.4(S) = (J5 + J§)/ TS,
and, for j > 1,

A"Qg, max(l,r —d+1)<j<r-—1,

0, otherwise.

Her,d(*g) = { (7)

These are the cohomology modules of the full finite cochain model. Possible equivariant
extension data are not suppressed by asserting a splitting.

Example 5.2 (The moving obstruction). For d = 3 and n > r, the following table lists the
degrees of the nonzero positive groups in (7). Each entry is a copy of A"Qgs.

Cutoff r  Ordinary comparison  Positive fiber degrees

2 kernel and cokernel 1

3 injective, non-surjective 1, 2
4 isomorphism 2,3
5 isomorphism 3,4
6 isomorphism 4,5

Ordinary recovery has already occurred at r = 4, but the derived obstruction persists in
a moving pair of degrees. The next section explains why a fixed homotopy truncation
eventually ceases to see it.

6 Eilenberg—Mac Lane reconstruction

Proof of theorem 1.2. Use K(A,h) = Q®X"HA. The functor Q> preserves limits, and
suspension is an equivalence in spectra. The spectral limit may be nonconnective. Its
single nonzero coefficient row and the finite cohomological dimension of the subset indexing
category give

e ’?%% (Fy(T),h) = Rh1 ;CI%E}P Fy(T), 0<i<h. (8)
This follows as well from the finite derived-limit cochain complex followed by the Eilenberg—
Mac Lane construction. At i = 0 it identifies the naturally abelian group of components.
Higher homotopy groups vanish.

If r > d+ h + 1, ordinary reconstruction is an isomorphism, while (1) is zero in degrees
1,...,h. Thus the comparison is an equivalence for every S.

For h = 0, take r = d and |S| = d 4+ 1. The cokernel is A?Qg = k, so the comparison
fails. For h > 1, take r = d + h and |S| = r + 1. The degree-h term lies in (1), and is
A"Qgs = k. By (8) the target is disconnected, whereas the source is connected.

Finally, recovery from a smaller full cutoff implies recovery from every larger cutoff:
restrict the right-Kan presentation to the intermediate full subcategory and compose right
Kan extensions. Hence failure at d + h rules out every smaller candidate. This proves
leastness. ]



Example 6.1 (A first homotopy failure). For d = 2, F5(S) = Qg. Ordinary reconstruction
works from triples. On four labels, however, the triplewise homotopy reconstruction of
K(Q,1) has

™ 2k, my = k.

The unit reaches the base component only. Thus K (Q, 1) needs cardinality four, exactly as
theorem 1.2 states. Checking only the fundamental group of the distinguished component
would miss this failure.

7 An independent FI-homology calculation

Include the empty set in Fl, whose morphisms are injections, and put W,(@) = 0. For an
FI-module M, let

HE'(M)(S) = M(S) / >~ im(M(T) — M(S)),
TCS

and let Hf' denote its left-derived functors. We use the established Koszul complex

Ci(M)(S)= P M(S\I)®det(kl), (9)

ICS, |I|=i

whose differential is the signed sum of inclusion maps. Gan—Li, Theorem 1 and Section 2,
equation (2), prove that it computes FI homology [9].

Let M;(S) be the permutation module on j-element subsets of S. For fixed S, (9) splits
over supports A of size j. The support summand is the exterior contraction complex on
k(S \ A). If the complement is nonempty, wedging with one of its basis vectors contracts
the complex. If S = A, only £ in degree zero remains. Hence M; is Fl-acyclic in positive
degrees and H['(M;) is one trivial representation in cardinality j.

Let C be k on nonempty sets and zero on the empty set, with identity maps between
nonempty sets. For n > 1, its Koszul complex on n labels is the full exterior contraction
complex with its top term deleted. It has homology only in degree n — 1, where the image
of the deleted differential is the sign representation. In characteristic two this is trivial. For
n = 0 the complex is zero. Therefore

Etriv, =i+ 1,
HE(C)(n]) = § 7 "= (10)
0, otherwise.
The value C'(@) = 0 is essential; C' is not the constant FI-module.
Proof of theorem 1.3. Put A, = P,/k. Monomial supports give
a
Ay =P M;.
j=1
Thus A, is Fl-acyclic and HOF '(Aa) is one-dimensional in each cardinality 1,...,a. The

filtered norm sequence, extended by zero at the empty set, is
0—-W,— A, - Cod»W,_1 — 0.
For ¢ > 1 its long exact sequence gives

HE(W,) = HEL(C) & HEL (Wi 1),



Starting with Wy = 0 and applying (10) yields one trivial representation in each of the
distinct cardinalities ¢ +2,...,72+a + 1.

For i = 0, induction says that H5'(C@W,_) is one-dimensional in cardinalities 1,.. ., a.
The surjection from HOF '(A,) is therefore an isomorphism in each cardinality. The adjacent

exact sequence gives
Hg'(Wo) = H{'(C) @ Hf'(Wa1),

which has the required support 2,...,a + 1. Substituting a = d — 1 proves the theorem,
including all empty and singleton cases. O

The proof gives tg = d and t; = d + 1. Church—Ellenberg’s Theorem C consequently
recovers the ordinary cutoff d + 1. Their Theorem A applied to those two numbers gives
the general bound ¢; < i + 2d; the exact computation here gives t; = ¢ + d instead. The
generic presentation theorem is not being claimed anew.

The Koszul complex is also the total cofiber of the covariant cube T — W, (1) on all
subsets of a fixed S. Equivalently it is the cofiber of the derived colimit over proper subsets
mapping to W,(S). Since the empty value is zero, finite duality identifies it with the full
proper-subset reconstruction fiber of F,;;. This applies at » = |S| — 1; smaller cutoffs
require the separate comparison of proposition 2.2.

8 Checks, limitations, and motivation

8.1 Reproducible finite calculations

The accompanying source archive contains three standard-library Python programs using
exact binary elimination. They supply complementary checks:

e verify-cut.py builds cut restrictions and compatibility equations for 27 ordinary
cases through seven labels.

e verify-derived.py builds normalized Roos cochain complexes for 55 cases through
five labels and verifies 504 cochain naturality cases, including noninjective maps.

e verify-fi-independent.py solves complement-invariance equations directly in
Boolean coordinates and builds FI Koszul complexes independently. It checks 54
cases through eight labels, 104,139 chain-equivariance equations, and 385 induced
homology-action tests.

The scripts construct matrices before comparing their homology with the formulas. They
check that differentials square to zero. The independent FI implementation does not reuse
the reconstruction matrices. These finite checks corroborate the proofs; they do not certify
universal naturality or priority. No proof-assistant verification or external peer review is
claimed.

8.2 What finite reconstruction means here

The cutoff in theorem 1.2 is a theorem for the specified augmentation quotient. It does not
imply that arbitrary abelian-valued, finite-valued, or one-truncated diagrams reconstruct
from bounded cardinality. Already the unquotiented cut module has a nonzero kernel at
arbitrarily large cutoffs. Nor is a bound on ordinary deletion kernels sufficient for gluing:
F,; has zero proper-deletion kernels for |S| > d, while the cutoff-d comparison still has a
nonzero cokernel at |S| =d + 1.

Allowing a different full selection of cardinalities does not supply a separate structural
escape. Every smaller nonempty set retracts from a larger one. The unit for restriction
and right Kan extension is an equivalence on every selected object, and therefore on its

10



retracts. By Kan composition, a bounded full selection has the same reconstruction power
as its maximum cardinality; an unbounded full selection reconstructs every diagram. This
observation is elementary retract-density, not an additional novelty claim.

8.3 The philosophical question

The question arose from Hegel’s discussion of induction, analogy, and necessity in the Sci-
ence of Logic, especially the passage from collected instances to a connection grounded in
the nature of the terms [10]. It suggested asking which specified relations make bounded
observations sufficient. Here the augmentation filtration and homotopy degree supply such
specifications, and the exact sequences prove the consequence. The theorem neither formal-
izes Hegel’s entire account of necessity nor receives mathematical justification from that
account. The philosophical motivation and the priority of the calculation are separate from
proof validity.

Research and authorship disclosure

The author directed the research. Al assistants helped develop arguments, implement cal-
culations, search and compare literature, draft the text, and conduct separate internal
mathematical critiques. These critiques are not external peer review. The specific com-
putation is presented for examination with its literature comparisons and reproducibility
material; no guarantee of first discovery is claimed.
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