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Abstract

Similar observable patterns across heterogeneous systems can conceal differences in admissible
transformations, resources, histories, and interpretation. This paper examines the conditions under
which comparative inferences remain justified across such differences. It develops a task-relative
account of comparative warrant organized around declared objects, partial relational mappings, se-
lected invariants, conditioning regimes, available evidence, and criteria for revision. Conditional
mathematical results establish properties of exact relational quotients, composition and structural
preservation, resource-sensitive feasibility, history-sensitive continuation, partial identification, re-
ciprocal translation, and ranking stability. Their proofs use established mathematical constructions
and warrant physical or interpretive conclusions only through additional evidence. Comparative
designs involving biological regulation, ecological networks, computational processes, and linguis-
tic annotation distinguish documented findings from illustrative models and prospective empirical
tests. The analysis further addresses the authority to select comparative categories and proposes
a transparent warrant record for evaluating inference, uncertainty, and opportunities for correction.
Comparison against established specialist workflows remains an open empirical task. The contribu-
tion is a coordinated framework for assessing the scope, preservation requirements, and revisability
of cross-system claims, under ontological suspension.
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Discussion Paper Note

This paper develops an exploratory philosophical and methodological research programme on compara-
bility among heterogeneous generative-relational systems. Its principal object is the warrant for translat-
ing or comparing relational patterns, transformations, and generative possibilities across systems whose
descriptions, material conditions, and historical trajectories may differ. The research is related to earlier
inquiries into generative order, political-economic relations among heterogeneous subjects, and evolu-
tionary norm formation; it pursues a distinct question concerning cross-system correspondence and the
possible preservation of relational structure.

The discussion draws selectively on philosophy of scientific representation, debates on incommen-
surability, structural realism, category theory, model theory, and research on measurement invariance.
These are established intellectual traditions. Terms such as cross-relational invariance and comparative
warrant designate provisional organizational concepts within the present inquiry. The initial formal de-
scriptions and illustrative cases specify the scope of comparison; their broader evaluative and empirical
applications remain proposals for investigation.

Version 1.5.1 presents twelve substantive sections spanning the comparative object, partial mappings,
selected invariants, joint generative feasibility, historical provenance, underidentification, reciprocal
epistemic translation, comparative cases, and the institutional authority to select and revise comparison
categories, and a critical methodology for evaluating comparative warrants against specialist alternatives.
The Conclusion synthesizes the conditional results, methodological proposals, and outstanding empirical
tests. The manuscript reports conditional mathematical claims and illustrative cases without completed
empirical interventions. The author invites criticism and comparative research, especially concerning
failed translations, changing representations, category design, and unequal opportunities for correction.

Hypothetical examples involving unfamiliar biological, artificial, or extraterrestrial systems are ana-
lytical constructions; they imply no factual conclusion about the existence, experience, or status of any
particular entity.
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1 Introduction

Comparative inquiry frequently proceeds by identifying relations that appear sufficiently similar to sup-
port an inference across distinct systems. A recurrent transformation in two physical models may sug-
gest dynamical correspondence; an analogous pattern of production in biological and artificial systems
may motivate a comparison of regenerative capacities; and similarities in communication may prompt
interpretations of another participant’s commitments or expectations. Each comparison depends on a
decision about which features matter, which differences remain acceptable, and what inferential work
the proposed correspondence can sustain. The present paper investigates these decisions in the context
of heterogeneous generative-relational systems. Its purpose is to formulate a preliminary account of
the conditions under which cross-system comparison becomes intelligible, informative, and critically
revisable.

A generative-relational system is understood here as a candidate representation of configurations,
relational conditions, and admissible practices or transformations through which further configurations
may be realized. The expression is intentionally broad. Its extension depends on an explicit model and
research purpose; a candidate system may describe a chemical reaction network, an evolving ecological
arrangement, a computational architecture, or a historically situated form of social cooperation. Such
uses share an analytical vocabulary while retaining potentially different ontological commitments and
evidential requirements. Generativity describes admissible transformations under stated conditions. Re-
lationality directs attention to configurations and dependencies constituted or conditioned by interactions.
Neither term establishes, by itself, the metaphysical nature of the systems to which it is applied.

The investigation is motivated by a familiar ambiguity. Two systems can display an isomorphic
diagram of observable transitions while relying on different material resources, internal constraints, or
mechanisms of persistence. Conversely, systems organized by very different descriptions can gener-
ate comparable consequences under an agreed observation procedure. Comparing their diagrams may
therefore be sound for a limited task while remaining inadequate for a broader inference about causal
mechanism, practical substitutability, or normative significance. The relevant issue is the scope of a cor-
respondence: which relations are being preserved, within which observational domain, and under what
conditions does preservation authorize conclusions outside that domain?

Existing philosophies of science have developed closely related questions. Incommensurability de-
bates, associated with Kuhn and Feyerabend, examine conceptual and methodological differences be-
tween scientific traditions. The contemporary analysis makes clear that incommensurability need not en-
tail an absolute inability to compare theories; local conceptual incompatibilities can coexist with shared
empirical predictions or partial forms of appraisal [24]. The present inquiry inherits that caution while ex-
tending its immediate object from scientific theories to candidate generative systems and their relations.
Its proposed extension requires justification in each application. Scientific theories are articulated rep-
resentations subject to disciplinary standards; biological, social, and artificial systems may have causal
and material properties beyond the theories used to investigate them. A comparison of descriptions is
accordingly distinguished from an assertion about correspondence between the systems represented.

Davidson’s critique of the idea of a conceptual scheme provides a further challenge to any account
that treats complete conceptual separation as straightforwardly intelligible [7]. The relevance of this cri-
tique is methodological. If the ascription of radically different schemes already relies on interpretation,
then an inquiry into heterogeneity should specify how the alleged difference was recognized. Equally,
recognizing a local interpretive success gives limited grounds for declaring a universal semantic trans-
lation. These considerations support the use of graded, task-specific and revisable comparative claims.
A failure to translate one predicate or predictive quantity can coexist with successful coordination in
another domain; a locally effective translation can also leave crucial practices unrepresented.

The philosophy of scientific representation likewise cautions against identifying structural resem-
blance with successful representation. Formal isomorphism describes a mathematical relation between
structures, while representational success depends on the target, purpose, interpretation, and standards of
adequacy [13]. For G4 this distinction becomes particularly important when a diagram, graph, category,



field, or probabilistic model is employed as the vehicle of comparison. The fact that two descriptions can
be linked by a structure-preserving map establishes a property of those descriptions. A justified claim
concerning the target systems requires separate evidence for the descriptive adequacy of each model and
for the significance of the properties preserved by the proposed map.

A mathematically precise tradition is available for studying such maps. Category theory distinguishes
objects and morphisms within a specified category, while functors preserve identities and composition
between categories [20]. Model theory examines structures, interpretations, and definability in a differ-
ent formal setting [16]. These tools are valuable precisely because their preservation conditions can be
stated. Yet an unrestricted transfer from a functorial correspondence to claims of physical equivalence
would overreach: a functor preserves the structure that has been formalized and need not preserve re-
sources, empirical probabilities, institutional histories, or ethical standing omitted from the categorical
presentation. The main text will therefore treat category-theoretic constructions as optional, task-bound
representations. Where a simpler relation, partial function, or span suffices, the argument should use that
simpler formulation.

An additional conceptual resource comes from research on measurement invariance. Comparative
measurement across groups requires examination of whether indicators function in sufficiently equiva-
lent ways; some comparisons may remain meaningful under carefully assessed partial invariance [27].
The precise psychometric results do not automatically extend to other domains. Their methodological
lesson is nonetheless instructive: the use of a common label or numerical scale does not alone guarantee
that measured quantities represent the same underlying property. In a cross-system generative inquiry,
even the choice of a purportedly shared outcome can hide differences in how an outcome is produced,
recognized, or maintained. This motivates explicit specification of observable domains, identification
assumptions, and the consequences of failing those assumptions.

The present paper proposes to distinguish several questions that are often compressed into one gen-
eral assertion of similarity. Descriptive correspondence concerns whether selected configurations or
relations can be associated within a declared vocabulary. Structural preservation concerns whether a
proposed mapping retains specified formal operations, connections, or invariants. Generative correspon-
dence asks whether related configurations support matched admissible transformations, possibly under
different conditioning regimes. Evidential correspondence concerns whether the resulting comparisons
survive observations, interventions, or other forms of warranted assessment. Normative comparability
concerns whether the proposed common terms of evaluation respect the relevant differences in value,
standing, vulnerability, and authority. These questions have different criteria, and success at one level
supplies an input to further inquiry rather than a comprehensive answer.

The relations among these levels are neither uniform nor inevitably hierarchical. A physical model
may admit a formal structural correspondence that lacks stable empirical support. A comparative ob-
servational study may recover a robust shared regularity despite incomplete knowledge of underlying
mechanisms. An institutional encounter may display reliable coordination although participants assign
different meanings to their practices. A normative agreement may provide workable common standards
for a particular decision while preserving disagreements about historical responsibility and legitimate
authority. Such possibilities encourage an analysis of the specific inferential passage being attempted
and of the conditions under which that passage is warranted.

For preliminary orientation, let G, and &, denote two candidate generative-system descriptions,
each with its own admissible configurations and transformations. A cross-system correspondence ¢ may
associate only selected parts of these descriptions. The central task is to determine which properties,
collected provisionally as a family Z, are preserved by ® within a declared domain D and under an
evidential regime £. This notation is an organizational aid, and later sections will specify its alternative
formal realizations. The expression cross-relational invariance designates the conditional persistence of
selected relational properties across such a correspondence. Its use should remain limited to properties
whose preservation has been defined and supported; it neither posits an invariant essence of all generative
systems nor implies the existence of a privileged universal language.

The distinction between preservation and legitimacy is especially significant in encounters involving



radically different backgrounds. A shared measure may be chosen because it is accessible to a power-
ful observer, institution, or platform, while a less powerful participant’s generative conditions remain
outside the comparison. A mapping may be mathematically correct on the domain selected by an inves-
tigator while representing that investigator’s priorities. Comparative methodology therefore carries an
additional reflective obligation: to explain how its domain was selected, whose distinctions it suppresses,
and how the scope or terms of comparison may be challenged. This obligation follows from the fallibility
and situatedness of inquiry; it is developed without treating any single normative framework as settled
in advance.

The paper’s relationship to the companion research programme is specific. The inquiry into the
ontological status of generative order (G1) examines derivation of precedence, representational equiv-
alence, and conditions for physical interpretation within candidate landscapes. The political-economic
inquiry (G2) investigates heterogeneous production, reproduction, power, value circulation, and institu-
tional contestability. The evolutionary norm-formation inquiry (G3) concerns how provisional norms
emerge and change through interaction among heterogeneous participants. G4 asks a more general epis-
temological and methodological question: when relations developed in one system, research tradition, or
institutional setting may be compared with relations in another, and what remains valid after translation.
These inquiries can inform each other without presuming that a solution in one settles the problems of
the others.

The comparative cases use biological regulation, ecological networks, computational systems, and
linguistic annotation to distinguish warranted inferences from diagrammatic resemblance. Their eviden-
tial basis and limits are assessed in Section 9. Hypothetical encounters with unfamiliar systems serve as
bounded tests of the assumptions used to construct a comparison; they provide analytical contrasts rather
than evidence about actual unfamiliar beings.

The proposed account distinguishes successful partial comparison, failed mapping, indeterminate
correspondence, and contested comparative standards. Several locally reliable mappings may coexist
with unresolved remainders. Explicit preservation criteria support precise inferences where their as-
sumptions are met; documented limitations provide grounds for revising the mapping or the intended
use of its results.

The twelve-section analysis begins with comparative objects, partial relational correspondences, se-
lected invariants, generative compatibility, and historical provenance. It then addresses observational
reconstruction, reciprocal epistemic translation, natural and artificial comparative cases, and authority
over comparative categories. The final analytical section specifies evaluation protocols and revision
criteria; the Conclusion integrates the formal, interpretive, and institutional findings. All twelve sub-
stantive sections are presented in this version, with empirical evaluation of the proposed coordination
method remaining a future research task.

G4 accordingly proposes a task-relative protocol for examining cross-system comparative warrant
through declared representations, partial mappings, preservation criteria, evidence, and revision oppor-
tunities. Its additional usefulness will require testing against established specialist workflows, including
whether the protocol helps identify invalid analogies, interpret heterogeneous evidence, or improve ac-
countable comparative decisions. Ontological suspension remains appropriate: a scientifically useful
invariant can support a specific inference while leaving the ultimate relation among the represented sys-
tems open.

2 The Comparative Object in Heterogeneous Systems

A comparative inquiry into heterogeneous generative systems requires an explicit account of what is
being compared. The present section establishes that account before proposing transformations between
systems. Its objective is to distinguish the target of inquiry from its description, the configuration of
a system from the conditions under which transformations are admissible, and an observed regularity
from the history and evidential practices through which the regularity is known. The discussion pro-
ceeds through conceptual analysis, a deliberately economical formal representation, and two schematic



comparisons. It closes by specifying the information that a defensible comparison should carry into the
partial-mapping analysis of Section 3. The resulting account describes a comparative object: a situated
relation between selected descriptions and questions, accompanied by the evidence and qualifications
needed to assess an inference.

2.1 Targets of Inquiry and Descriptive Commitments

A system encountered through research can rarely be taken up in its entirety. An investigator selects a
domain of observation, identifies candidate configurations and relations, introduces a vocabulary, and
determines the kinds of differences that will be registered. A chemical network may be described by
molecular species and reaction channels; an ecological system by organisms, flows, and environmental
constraints; a computational process by states and transition rules; and a communicative practice by
participants, utterances, interpretations, and responses. Each representation supplies access to some
questions and leaves others outside its declared scope. A comparison between systems therefore begins
with a pair of interpreted descriptions whose targets, construction procedures, and intended uses are
specified.

We distinguish a target X, from a candidate description M, of that target. The symbol X, indexes
the part of the world, practice, or stipulated hypothetical scenario under investigation. It does not presup-
pose that the target has a unique decomposition into objects or an observer-independent list of properties.
The description M, contains distinctions and relations that an inquiry proposes as relevant to a question.
For an abstract mathematical example, the target may itself be a stipulated structure and the adequacy
relation can be exact. For an empirical study, the link between X, and M, requires observational, ex-
perimental, interpretive, or historical support. This distinction is consistent with accounts of scientific
representation in which formal structure alone leaves questions of interpretation and representational
adequacy unsettled [13].

The preliminary use of a shared description type across two targets is a methodological choice. A
pair of systems can be described using similar data structures while calling for different measurement
practices, different physical mechanisms, or different assessments of error. Conversely, distinct descrip-
tive languages can be adequate to a shared task if a suitable interpretation relates their outputs. For that
reason, the comparative object includes a statement of the research question ¢ and an account of what
would count as a successful answer. A description developed for forecasting one observable may have
little bearing on causal explanation, long-horizon feasibility, or the justification of institutional treatment.
It is helpful to say that descriptions are adequate for particular inferences rather than adequate without
qualification.

The distinction also prevents a common slide from descriptive similarity to similarity of the repre-
sented targets. Suppose two models have isomorphic finite transition graphs. This mathematical fact
establishes a correspondence between their selected state-transition structures. If one model records
reusable symbolic tokens and the other represents consumable material stocks, the graph isomorphism
omits a difference relevant to the feasibility of repeated production. The selected graph may be fully
appropriate for a restricted enumeration task, while a comparison of sustainable productive capacity re-
quires a richer description. The material or institutional significance of any omitted feature must be
established within the relevant domain; it cannot be inferred from the vocabulary of heterogeneity alone.

2.2 A Minimal Representation of a Candidate Generative System

For organizational purposes, a candidate system description may be represented by the tuple in Equa-
tion 1. The construction is proposed as a vocabulary for recording assumptions and comparing research
tasks. It asserts neither a universal ontology of systems nor an empirical model valid across disciplines.

Ma - (DaaCmKaagaaoaarHa)‘ (1)



Definition 2.1 (Interpreted candidate-system description). In Equation 1, D, is a set of admissible de-
scriptive expressions and interpretation rules; C, is the set of candidate configurations represented within
that description; and K, is a family of specified regimes of environmental, material, institutional, or inter-
pretive conditions. The component G, is a family of admissible generative relations, potentially depen-
dent on k € K, and involving several jointly required configurations or resources. The component O,
records observation or interpretation interfaces, including their domains and resolution; and #, records
the provenance, histories, or transformations relevant to the research question. The tuple is interpreted
only together with an explicit account of how its elements are associated with an intended target and
assessed against available evidence.

The tuple permits heterogeneous formal realizations. The configurations C, might be sets of graph-
labelled states, probability distributions, material inventories, or documented positions within a prac-
tice. A regime x might fix reaction conditions, computational resources, a social institution, or the
circumstances under which a linguistic expression is interpreted. Generative relations may be functions,
stochastic kernels, partial relations, or constraints on jointly feasible practices. In a setting that depends
on continuous fields or unbounded state spaces, these components need corresponding mathematical
structures and regularity assumptions. The tuple is accordingly a schematic signature, not a claim that
all relevant phenomena admit tractable finite representations.

A generic relation Gg?,? C " x Cy, where m > 1, can record a permitted output under m jointly
specified premises. This notation represents a possibility relative to a regime and a declared description.
It gives no general license to infer that the premises are independently available, reusable, physically
realized, or normatively desirable. Applications may require resource inventories, quantitative costs,
probabilistic transition laws, or contextual constraints beyond a simple relation. Section 3 and subsequent
formal discussions will specify preservation requirements for selected kinds of relations; the present
section only identifies the object to which those requirements must refer.

The observational component O, deserves similar care. An observation map records the results ac-
cessible under a particular procedure. Several underlying configurations may share the same observed
output, and the same configuration may yield different readings under alternative instruments or inter-
pretive conventions. The associated errors and ambiguities become part of the comparative object when
they affect the proposed inference. A common observable is therefore a promising interface for inquiry,
with its evidential significance dependent on what each observational procedure establishes.

The historical component H,, is intentionally broad. It can include records of construction, con-
straints inherited from earlier transformations, versions of a model, chains of evidence, or documented
organizational commitments. Its role is to preserve dependencies that could be hidden by a static descrip-
tion. The expression history here designates a structured account of relations among events, transforma-
tions, or conditions; it carries no commitment to an ontologically privileged present or to a universal
chronological organization. The research question determines which of these relations materially affect
comparison.

2.3 Regimes, Admissibility, and the Locality of Generative Claims

A purported generative capacity is incomplete when its conditions of operation are unspecified. A re-
action may occur only at particular concentrations, temperatures, or available energy; a computational
process may depend on memory and platform services; and a form of cooperation may depend on rules
of participation, maintenance arrangements, or reciprocal expectations. Within each domain, the con-
ditions of admissibility determine which transformations can count as feasible. Comparisons that omit
these conditions may conflate a rule’s formal description with a materially or institutionally realized
possibility.

There are at least three analytically distinct kinds of conditioning. Constitutive conditions define
the domain of the description and the admissibility of its configurations. Operational conditions govern
which transformations can be executed or sustained within an admissible domain. Evidential conditions
determine how the investigator can know whether a transformation is available, performed, or recurrent.



A mathematical automaton may have a completely specified operational relation by stipulation. A bi-
ological or institutional description may require empirical inquiry before the same kind of assertion is
warranted. While the categories can overlap in an application, declaring them separately makes the basis
of a comparison more inspectable.

In particular, the equation of reachability with capacity depends on the selected meaning of the latter.
A configuration might be reachable once under a one-off resource expenditure, reachable repeatedly af-
ter replenishment, or reachable only under a regime that alters the participant’s future options. The first
statement concerns the existence of a derivation. The second and third require additional information
about resources, continuation, and changing conditions. An observer interested in comparative adapt-
ability may need to examine the family of regimes under which an outcome remains feasible, including
the costs of switching regimes. An observer interested in practical reliance may need to examine whether
such regimes can be maintained without imposing unexamined burdens on other participants.

A condition-sensitive claim should record at least the starting descriptions, the admissible regime,
the relevant input constraints, the output domain, and any horizon of operation. These elements can
be supplied qualitatively where quantitative characterization is unwarranted. Their importance lies in
preventing one interpretation of capacity from silently replacing another. Comparability remains local
even where a common vocabulary makes broader extrapolation tempting.

Differences in conditions also matter when a generative system is represented at several scales. A
coarse model may supply effective transition rules that summarize microscopic activity, while a finer
model records materials, dependencies, and mechanisms omitted at the coarse scale. An effective de-
scription can be adequate to a particular observable task without furnishing a faithful reconstruction of
each microscopic pathway. Whether a proposed cross-scale relation preserves the generative property
of interest must be examined rather than assumed. G1 investigates several mathematical versions of this
issue within one generative landscape; G4 addresses the additional challenge of interpreting purportedly
corresponding properties across separately constructed descriptions.

2.4 Units, Observables, and the Meaning of a Common Measure

Comparative judgments frequently become persuasive through apparently shared units or indices. Two
systems may be assigned a throughput, persistence rate, accuracy score, production count, or coordina-
tion measure. The use of a common unit facilitates a numerical comparison, provided that the measure-
ment procedures, denominators, and target attributes are aligned sufficiently for the intended question.
Such alignment has several dimensions: the terms used to designate an attribute, the operational proce-
dure for generating a value, the relationship between that value and the attribute, and the permissible
interpretation of differences across systems.

A simple output count illustrates the issue. In one arrangement, a produced token may be freely
copied; in another, an analogous physical product may require scarce material and maintenance. Equal
counts can describe equivalent performance on a narrowly defined output task while yielding different
conclusions about the resources, causal routes, and future capabilities that sustain production. A numer-
ical alignment becomes informative when the relevant omitted dimensions are either immaterial to the
question or independently assessed. The research should make that choice explicit.

Measurement invariance research provides a disciplined example of the care required in interpret-
ing comparable scores. In psychometrics, comparisons across populations depend on assumptions con-
cerning the relationships among measured responses, latent constructs, and group membership; those
assumptions can be investigated rather than read directly from similar numerical values [27]. G4 bor-
rows the methodological question of alignment, not a general theorem that psychometric criteria apply
unchanged to ecological, computational, or physical systems. Each domain must identify the conditions
under which a shared measurement is an adequate proxy for the comparative property under study.

Shared observables may also be created through an interpretive transformation. Different instruments
can report quantities that become comparable after calibration; different institutional categories can be
aligned by a negotiated coding convention; distinct semantic analyses can support common predictions

10



under specified contexts. These operations carry information about the origin and limits of comparability.
A transformation that preserves one statistic may change uncertainty, erase distinctions, or reassign the
meaning of an outcome. For that reason, the claim the systems have the same measured property is
strongest when accompanied by a statement of which property, under which protocol, and with what
uncertainty it is the same.

Even where measurements are physically well-defined, their normative use may remain contested.
An index of ecosystem productivity can serve a scientific purpose while failing to represent cultural
relations, vulnerability, or independent ecological values. A measure of computational output can fa-
cilitate engineering comparison while concealing labor relations or dependencies on infrastructure. The
appropriate inference depends on the question and the evaluative commitments governing its application.
This distinction will matter for the later treatment of authority over comparative categories; at this stage
it establishes that the object of comparison includes the declared function of a measure.

2.5 Histories and the Dependence of Comparative Meaning

Two descriptions may become observationally indistinguishable at a selected resolution while retaining
different histories of formation. The histories may affect their responses to intervention, their capacity to
continue operating, and the meaning of a common label. A machine-learning model and a rule-based pro-
gram may give the same answers to a bounded test set while exhibiting different generalization patterns
because the procedures generating their behavior differ. Two ecological arrangements may display simi-
lar aggregated indicators while depending on different regeneration paths and environmental constraints.
These are methodological possibilities, not empirical findings about particular models or ecosystems.

A comparative analysis should therefore specify whether history is relevant to its claim. For a snap-
shot classification under a complete stipulated task, two systems with matching outputs may legitimately
be grouped together. For an explanation of how outputs arise, a history of learning, repair, adaptation, or
institutional construction can be essential. For the evaluation of legitimate reliance, it may be important
to know who bears the costs of maintaining a capability and whose options are altered by its operation.
The adequacy of a comparison is thus indexed to the intended inference, not merely to an observer’s
preference for rich descriptions.

The inclusion of histories also poses a danger of arbitrary narrative enrichment. An investigator
could continually add details until any two systems appeared incomparable. This would undermine the
disciplined aim of G4. A relevant historical distinction should therefore have a defensible link to the
comparative question: it may change a predicted intervention, a classification under a declared criterion,
a material feasibility claim, or an ethical interpretation. Where evidence for such a link is absent, the
history can remain recorded as a possible qualification rather than being elevated into an established
source of difference.

This approach also avoids equating historical difference with incomparability. Two processes with di-
vergent histories may still satisfy a common conservation relation, support a shared operation, or exhibit
comparable causal effects on a carefully controlled variable. Historical dependence identifies a possible
condition of interpretation, not a universal prohibition on cross-system inference. The challenge is to
establish which historical relations matter, and how strongly, for the particular property being compared.

2.6 Adequacy Relative to a Comparative Question

A comparison is undertaken to answer a question and should be judged against the inferential demands
of that question. For G4, this suggests recording the comparative task as a tuple of selected targets,
interpreted descriptions, regimes, observations, and a proposed inference. A minimal record is expressed
in Equation 2.

Qq = (q’ XauMaaXbaMb;’iaa’ib;gq;jq)‘ (2)

Here ¢ states the question; &, identifies the available evidential procedures and their limits; and 7,
identifies the kind of inference or judgment the investigator seeks to justify. The representation makes
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Table 1: Distinct comparative findings and the additional warrants they require.

Finding

Scope of a warranted inference

Additional inquiry

Matching observed outputs
Structural isomorphism
Matching reachable outcomes
Shared numerical index

Overlapping interpretation

Agreement under a declared observa-
tion procedure

Preservation of relations encoded in
the chosen structures

Feasibility under specified rules

Comparable measured values under an
aligned protocol
A common domain of intelligible prac-

Whether unobserved mechanisms or
regimes matter

Representational adequacy for the in-
tended targets

Resource use, joint feasibility, kinetics,
and continuation

Construct validity and admissible inter-
pretation

Contexts in which translation or coor-

tice or meaning dination fails

no assumption that X, and X3 share a common ontology or that every component of one description
admits a counterpart in the other. In Section 3, the comparative task will be supplemented by partial
correspondences and explicit preservation conditions.

Definition 2.2 (Task-relative comparative adequacy). A proposed comparison associated with &, is ad-
equate relative to the task ¢ when its selected descriptions and correspondence support the stipulated
kind of inference 7, under declared regimes and available evidence &, to a degree appropriate to the
inquiry’s stated standards. The standards may be logical for a stipulated structure, predictive and sta-
tistical for an empirical model, interpretive for a historical inquiry, or normatively contestable for an
institutional application. Adequacy remains open to revision as evidence, regimes, or standards change.

The definition separates the formal completeness of a model from the adequacy of a comparative in-
ference. A fully specified transition system may support exact statements about paths without adequate
evidence that it captures the behavior of an empirical target. A partial interpretation may sustain a reliable
practical prediction without recovering every relation in the source description. The relevant research
question determines the acceptable loss of information. This task-relativity resembles the contextual un-
derstanding of scientific representation that attends to representational purposes and interpretation [13];
the present definition organizes those concerns for comparisons among candidate generative systems.

Task-relativity should remain compatible with criticism. An investigator cannot secure an adequate
comparison merely by specifying a convenient question whose assumptions ignore foreseeable effects.
Where a comparison will guide an intervention, classification, or allocation of standing, its task definition
should be open to challenge by those affected. An assessment can be mathematically valid for its chosen
inputs while the inputs themselves are incomplete for the proposed decision. Consequently, the record
of a comparative task should document both the formal properties of its inference and the reasons for
treating its chosen domain as appropriate.

Table 1 organizes several distinctions whose conflation can make a cross-system comparison appear
stronger than its warrants permit. The table states possible legitimate findings and the additional question
that each finding leaves to be investigated.

2.7 Tllustrative Comparisons and the Boundary of the Object

Two schematic comparisons clarify the use of the proposed record. Consider first a pair of stipulated
production systems, each with an operation that maps an input marked A to an output marked B. In
system a, the input is a reusable symbolic template. In system b, the input is one unit of consumable
material. If the question concerns the presence of a one-step transformation from the label A to the
label B, the two descriptions agree under an evident label correspondence. If the question concerns the
number of outputs jointly available after repeated operation, the systems require different inventory and
resource descriptions. The comparative record identifies the step from one-step graph similarity to a
stronger production claim as a change in question and in required evidence.
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A second comparison concerns a pair of stipulated interpretive practices. Let one practice classify an
utterance under a finite vocabulary D, and another classify a corresponding expression under a partially
overlapping vocabulary Dj,. A translation may preserve some practical instructions while leaving expres-
sive distinctions without counterparts. A local agreement in response behavior can support a bounded
coordination claim. An inference about full semantic equivalence requires additional analysis of con-
texts, counterfactual uses, and available evidence of interpretation. This resembles the historical debate
over incommensurability in the restricted sense that partial failures of translation need not entail com-
plete isolation between frameworks [24, 7]. The example remains hypothetical and supplies no evidence
about a particular language community.

The two comparisons also show that the comparative object need not be a property intrinsically
possessed by one system. It is an organized relation between selected aspects of descriptions, research
questions, and evidential conditions. Some properties of the target may be stable across a range of admis-
sible descriptions; others depend on the construction of a specific model or measurement. In either case,
the scope of a successful inference should be preserved in the reporting of its result. An inference can
be true under one observational protocol and uninformative under another, without logical inconsistency
between the two claims.

This section has accordingly supplied the conceptual foundation for the subsequent analysis of par-
tial mappings. A defensible cross-system inquiry begins by declaring its targets and descriptions, its
generative regimes, the observables and histories relevant to the question, and the standards of adequate
inference. The next step is to determine how selected elements of those descriptions can be related
and which relations survive the proposed correspondence. Section 3 develops that step through partial
mappings, interpretation, and compositional constraints. The present account retains a provisional sta-
tus: it specifies a discipline of comparison whose practical utility must eventually be evaluated against
established domain-specific research methods and real comparative failures.

3 Relational Correspondence as Partial Mapping

The comparison of heterogeneous generative systems requires a way of relating selected elements of
distinct descriptions while retaining the differences that limit an inference. This section develops a pre-
liminary account of partial relational correspondence. Its purpose is to make the domain of a proposed
interpretation explicit, distinguish different strengths of relational preservation, and establish the condi-
tions under which local correspondences can be composed. The argument proceeds from interpretive
selection to typed partial mappings, preservation and reflection of generative relations, quotient con-
structions, compositional constraints, and the evidential standing of reversible or ambiguous translations.
The mathematics uses ordinary set-theoretic and relational constructions. Its intended contribution is the
specification of comparative warrants within the broader research programme, rather than a new theorem
about mappings.

3.1 The Selection and Interpretation of Corresponding Domains

A comparison commonly begins with an asymmetry of available descriptions. One system may have a
mature mathematical model and another may be accessible only through measurements, textual records,
or an interpretive exchange. A proposed correspondence therefore relates selected portions of each de-
scription. The selection should identify both what is translated and what is omitted: configurations,
relations, admissibility conditions, measurement procedures, and historical information may enter the
comparison at different levels of resolution. The resulting map is relative to a question, rather than an
assertion of similarity between whole systems.

Let M, and M, be candidate descriptions of the kind specified in Definition 2.1, with configuration
sets C', and (. A preliminary domain A C C, contains the configurations for which interpretation into
M, is attempted. Its image is a subset of Cj, and the selection may depend on a question ¢, a regime
k, and the relevant observation procedure. Neither A nor its image needs to exhaust the configurations
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of its respective system. The boundary of A matters when a generative operation leaves the selected
domain, when a resource needed for that operation has been suppressed, or when an apparent successor
is admitted only in a different interpretive context.

A local correspondence may preserve every selected one-step tuple while leaving multi-step paths
outside its domain; full-system reachability requires a further closure or path-lifting argument. This
boundary is central when the mapping is used to compare prospective abilities.

Selection can also depend on descriptive types. A state variable representing a molecular inventory,
for example, carries units, admissible values, and a physical interpretation that differ from those of an
abstract computational token. A correspondence between inventory and token counts can still be useful
for a bounded enumeration question. To support an inference about sustainable production, it would have
to retain the material conditions under which counts change. For this reason, a mapping record should
include an interpretation of the mapped variables and relational signatures, along with a statement of the
questions for which the interpretation has been justified.

There are two directions in which such an interpretation can fail. A selected source configuration
may lack a suitable target description; conversely, a target description may contain several possible
counterparts whose differences affect the inference. The first motivates a partial mapping. The second
motivates relations of possible counterparts rather than a uniquely determined function. Treating these
as different situations helps preserve the difference between a known absence of correspondence and an
unresolved multiplicity of candidates.

3.2 Typed Partial Mappings and Regime Correspondence

For the restricted case in which every selected source configuration has exactly one assigned counterpart,
the candidate correspondence is a partial function. Equation 3 gives its elementary representation.

f:A— Cy, ACC,. 3)

Definition 3.1 (Task-indexed partial correspondence). A task-indexed partial correspondence from M,
to M, consists of a comparative question ¢, a selected domain A C C, a function f : A — C, an inter-
pretation record 7 for the descriptive types and selected relations, and a partial regime correspondence
p : K4 — Kjp. The record declares which components of O,, Oy, and H,, H}, are pertinent to assessing
the comparison, and which claims the proposed correspondence is intended to support. The mapping
is admissible for the task only to the extent that these declarations and their evidential conditions are
satisfied.

The record in Definition 3.1 is deliberately richer than a bare function. A mathematical map between
two sets can be well defined while the intended physical or semantic interpretation remains unsupported.
For instance, assigning the same integer label to two observations says little about whether the obser-
vations are produced by equivalent instruments or refer to corresponding capacities. The interpretation
record 7 is the place to declare relevant measurement units, permissible renaming of labels, and changes
of scale. The regime map p similarly requires an explicit account of whether a source regime has an ad-
missible target counterpart. A pair of regimes can be declared corresponding for one generative operation
while remaining incomparable for another.

The construction is typed in the methodological sense that one records the kinds of elements and
operations being related. It does not require every candidate description to be represented in a particular
programming-language type theory or categorical formalism. Established work in model theory sup-
plies formal resources for interpreting structures with different signatures, and category theory supplies
an account of structure-preserving maps and their composition [16, 20]. Such resources are used here se-
lectively. Whether a scientific or institutional description satisfies the relevant structural axioms remains
an additional question.

A total map is the special case A = C,. Aninjective map distinguishes selected source configurations
in its image; a many-to-one map identifies some of them; a bijection f : A — B for B = f[A] admits
a set-theoretic inverse on the selected domains. These properties have different meanings. Injectivity
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can matter to reconstructing distinctions; surjectivity onto a declared image is automatic by construction;
and set-theoretic invertibility says nothing, by itself, about the preservation of operational or physical
relations. The last distinction becomes important when a comparison is described as reversible.

3.3 Preservation and Reflection of Generative Relations

A useful partial mapping may associate configurations successfully while changing the transformations
available among them. Generative correspondence therefore calls for a separate declaration of the rela-
tions the comparison is meant to preserve. Following the notation of Section 2, let GEZ,’,? CC'xC,and

Gé’j;) C O} x Cy represent admissible (m + 1)-place generative relations. The tuple (z1, ..., Zm;y)
records a jointly specified set of premises and an admissible outcome under the selected regime. For
simplicity, the present discussion assumes that the interpretation record aligns the arity and meaning
of these selected operations. An interpretation that changes arity or introduces hidden auxiliary states
requires an explicitly richer construction.

Let A = p(k) be defined. Equation 4 states forward preservation on the selected domain.

(X1,.. ., Tm;Y) € G

a,K

4

Tl Tmy €A = (f(x1),..., f(zm); f(y)) € Gl(:;). @
Definition 3.2 (Local preservation and reflection). A task-indexed partial correspondence is forward-
preserving for a selected generative relation when implication 4 holds for all tuples in its declared source
domain and regime. It is reflecting on that domain when the reverse implication holds for tuples whose
components have chosen source representatives in A. It is locally exact for that relation when both
implications hold. These terms describe the corresponding restricted relations; they make no assertion
about operations involving configurations outside the declared domain.

Forward preservation licenses a limited conclusion: a transformation represented in the selected
source relation has a corresponding transformation in the selected target relation. Reflection makes a
different assertion: an admitted target transformation between mapped configurations corresponds to
a transformation among the specified source configurations. A forward-preserving map can be useful
for translating feasible actions or generating candidate hypotheses even when reflection is unavailable.
Reflection is needed when the proposed inference runs from the target relation back to the source and
would otherwise assign the source capacities observed only in the target.

The restriction to tuples with all components in A is consequential. If a source operation consumes an
unrepresented resource, a mapping of the visible input and output can preserve a coarse transition while
leaving the full generative prerequisites unexamined. Likewise, an operation available in the target un-
der A may have no source counterpart under « if the target has additional infrastructure. In both cases,
local relational preservation must be distinguished from the stronger claim of equivalent resources, exe-
cution costs, probabilities, or continuation conditions. Those stronger claims require additional modeled
relations and evidence.

To see the distinction between preservation and reflection, take selected source states A = {p, ¢}
and target states B = {u,v}, with f(p) = w and f(q) = v. Suppose the source permits p — g,
while the target permits both v« — v and v — w. The map preserves the selected source transition.
It fails to reflect the target transition v — u, since ¢ — p is absent from the source relation. A re-
port of “matched behavior” would conceal which direction of inference has been justified. Behavioral-
equivalence research makes similar distinctions between one-way simulation and appropriately matched
behavior, although the present general-purpose relational record should not be equated automatically
with a process-theoretic bisimulation [28].

3.4 Exact Local Correspondence and Quotient Ambiguity

An injective comparison can preserve distinctions among selected configurations. A many-to-one com-
parison suppresses them, and the suppression may be either harmless for a particular question or decisive
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for a generative claim. The following elementary proposition records an exactness condition for the in-
jective case; it is a standard relational-structure observation stated here to delimit the inferential scope
of G4’s proposal.

Proposition 3.3 (Exactness on selected domains). Let f : A — B be a bijection between declared
subsets of two configuration sets, and let R, C A™+ and R, C B™1! be the induced selected relations.
If f both preserves and reflects relational membership, then f is an isomorphism between the two induced
relational structures. Conversely, every isomorphism of these induced structures preserves and reflects
relational membership.

Proof. Preservation and reflection together assert that a tuple belongs to R, precisely when its componen-
twise image under f belongs to Ry, Bijectivity ensures that every tuple in B™*! has a unique preimage
in A™*!, Thus f and its inverse preserve the selected relations, which is the required relational isomor-
phism. The converse follows from the definition of an isomorphism. (]

An exact isomorphism on A and B can coexist with major differences outside those subsets. It also
need not preserve an observable that was excluded from the relational signature. Hence the proposition
supports a statement about the induced structures and the research question that selected them. Addi-
tional empirical claims require an interpretation of the structures and suitable evidence that their selected
relations characterize the targeted phenomena.

For a many-to-one map f : A — B = f[A], a more demanding condition is needed to obtain a
faithful quotient relation: all tuples with the same componentwise image must agree on whether the
selected generative relation holds. Write ™" for componentwise application and R4 = GS?Z) nA™+L,
The criterion is stated in Equation 5.

Ra= (f" 7" [Ra)), )
where the inverse image is taken within A™+1,

Proposition 3.4 (Criterion for an exact quotient relation). For a surjection f : A — B and a relation
R4 C A™TL, there exists a relation Rg C B™'! satisfying R4 = (f™"Y)~'[Rp] if and only if
Equation 5 holds. In that case Rp = f™+! [R 4] is uniquely determined.

Proof. If R4 is the inverse image of Rp, membership is constant on fibres of f”*!, establishing Equa-
tion 5. Conversely, if the equation holds, choosing R = f™*![R 4] reproduces R 4 by inverse image.
Surjectivity of f™*! makes the chosen Rp unique. (]
This criterion is stringent, and that is its analytical value. Two configurations can have equal observ-
able labels while differing in the joint transformations available with other configurations. A quotient that
replaces the distinction by one label may introduce a transformation supported by only one representative
and then attribute it indiscriminately to the other. A weaker quotient can remain useful as an existential
summary: a target tuple is included when at least one source tuple realizes it. Such a summary should
carry an explicit existential interpretation. Equation 5 identifies the stronger circumstances in which the
summary can be read as an exact relational correspondence across all selected representatives.

3.5 Composition across Intermediary Descriptions

Comparative research frequently proceeds through intermediary languages or descriptions. A biological
system may be related to a dynamical model, that model to a computational representation, and the latter
to an empirical index. Each step can be locally defensible while the combined translation is restricted to a
smaller domain. Composition must therefore preserve both the mathematical mapping and the evidential
conditions under which each component is interpretable.

Suppose f : A — C} is a partial correspondence from M, to M, and g : B’ — C. is one from M,
to M.. The composite is defined only on source configurations whose image under f lies in the domain
B’ of g. Equation 6 states the resulting restriction.

Aoy ={z € A: flx) e B}, (9o f)(z) =g(f(x)). (6)
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Proposition 3.5 (Composition of forward-preserving mappings). Fix an arity m and compatible regimes
K, A, and p. Suppose f is forward-preserving from ng,? to Gl()n;) on A, and g is forward-preserving from

Gl(ﬁ\) to ng) on B'. Then g o f is forward-preserving on Ay ¢ for the same selected arity and relations.
The claim concerns tuples entirely contained in A,y and requires that the regime correspondence as-
signs k to A and A\ to .

Proof. For a generative tuple in Gg?,? with every component in Ay, forward preservation under f
yields a tuple in Gl()n;) whose components all belong to B’. Forward preservation under g then yields the

corresponding tuple in Gm). By Equation 6, the resulting components are precisely the images under

gof. u

Composition is mathematically straightforward under the stated assumptions. The larger epistemic
issue is whether intermediate descriptions preserve the distinctions relevant to the final question. Suppose
the first mapping reduces two resource inventories to the same visible output count. The second mapping
interprets that count as a reusable production capacity. Both steps may support a narrow description
of observed outputs, yet the composed interpretation exceeds their combined warrant when applied to
repeated physical production. The formal composition theorem offers no justification for such a change
of meaning. The interpretation records 7, regime correspondences, and relevant provenance must be
checked at the composition interface.

Category-theoretic presentations formalize composition and structure preservation in general set-
tings, and applied category theory develops domain-specific examples involving data, resources, and
compositional systems [20, 11]. G4 draws on that mathematical discipline while treating a scientific
mapping as an interpreted, empirically or historically situated proposal. When source and target sig-
natures differ or translations introduce intermediate auxiliary states, a correspondence may be better
represented by a span, relation, or other structured interface; the simple partial-function case supplies a
baseline for specifying the additional requirements.

3.6 Joint Prerequisites and Relationally Coherent Selection

Generative relations involving multiple inputs expose an important limit of elementwise translation. A
match between individual input labels is insufficient to establish that the matched inputs can jointly
participate in a target operation. Their compatibility can depend on resource budgets, spatial constraints,
timing, institutional permissions, or shared context. A mapping that preserves separate unary capabilities
may therefore fail to preserve an operation involving their joint availability.

Consider two hypothetical configurations a; and a2 that each support a transformation into an out-
put labelled z under separate regimes. A target description may represent the two operations using an
apparently common rule. If the intended comparison concerns a joint operation requiring a; and as
simultaneously, the evidence for the separate operations leaves the joint premise unresolved. In the nota-
tion of Section 2, separate membership in unary relations is a different claim from membership in Gg?,l
The arity, co-admissibility, and regime of the proposed common transformation must remain visible.

A second ambiguity concerns the independence of chosen representatives. Let f identify two source
configurations = and z’ by the same target configuration u, and suppose only one of them can jointly
combine with a third source configuration y. A target relation containing (u, f(y);v) records at most an
existentially supported joint possibility unless the fibre-saturation criterion of Proposition 3.4 is satisfied.
Substituting 2’ for z solely because both map to u may produce a false source-level inference. The failure
is especially relevant where apparent equivalence is established through output similarity and the research
question concerns the conditions of production.

The same logic applies to interpretive and normative examples with suitable changes in the meaning
of a relation. Two expressions can each be translated into a shared vocabulary without supporting the
inference that they can be substituted within every relational context. Two institutions can recognize os-
tensibly analogous roles while attaching different powers, obligations, or mechanisms of review. Their
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local comparison can be useful, but it is strongest when the relevant combinations and contexts are in-
cluded in the comparative record. Section 5 will investigate generative compatibility and joint feasibility
in greater detail; the present section establishes the mapping-level reason those questions arise.

3.7 Many-Valued Correspondence and Reversibility

A unique assignment is often too strong for an interpretive comparison. A source expression may admit
several target readings, and the evidence may underdetermine which is appropriate. The natural elemen-
tary representation is then a relation P C C, x Cj. For each source configuration x, the set of candidates
P[z] records the target configurations consistent with the declared interpretation. The relation can be re-
stricted to a supported subdomain and refined as new evidence becomes available. Its use need not imply
that all recorded candidates are equally plausible; quantitative weighting would require another layer of
assumptions and measurement.

A relational correspondence requires care when moving from individual pairs to tuples. A list of
separate candidate counterparts for x1, ..., Z,,,y may be drawn from incompatible interpretations or
regimes. A purported matched transformation should therefore admit a jointly coherent witness: one
target tuple that realizes all selected counterparts under the same declared relation and regime. If differ-
ent observations are each explained using different contextual assignments, their conjunction does not
establish one shared translation. This is a methodological requirement to be checked in an application,
with its formal implementation depending on how interpretation contexts are represented.

Reversibility can also be stated at several strengths. A bijective function has a set-theoretic inverse on
its image. A locally exact relational isomorphism has an inverse preserving the selected relational struc-
ture, as Proposition 3.3 records. A translation can be practically reversible for a chosen question when
relevant distinctions survive an interpretation and return procedure. Physical or semantic reversibility is
stronger still and requires separate evidence about the target phenomena, their states, and the operations
available within each setting. A many-valued relation can support reciprocal interpretation even where
neither side has a uniquely determined image.

The distinctions are important for comparisons among heterogeneous subjects or practices. A partici-
pant’s acceptance of a shared term may establish adequate coordination within a specific exchange while
leaving further conceptual or normative differences unresolved. A scientific model may be invertible
on an observed subspace while losing historical information needed for explaining a system’s formation.
Reversibility should be attributed to the precise construction and question for which it is warranted. The
value of a partial correspondence is its ability to support some conclusions while exposing exactly where
others remain unlicensed.

3.8 Comparative Warrant and Documentation of Mapping Limits

The mathematical constructions of this section can organize a comparative inquiry, but they cannot es-
tablish on their own that two empirical systems are adequately represented. Their evidential use requires
a record that can be challenged, reproduced, and revised. In particular, a study should state how the
mapping domain was selected, how types and regimes were interpreted, whether preservation or reflec-
tion is required by the intended inference, and whether alternative correspondences would change the
conclusion. Table 2 summarizes the principal questions generated by the analysis.

A mapping may therefore support several different conclusions depending on the strength of its veri-
fied properties. A forward-preserving assignment can support an inference from a selected source trans-
formation to a target possibility. A locally exact assignment can support a two-way inference for the
specified induced relation. An existential quotient can support a statement of possible realization while
leaving representative-specific claims unresolved. A coherent composition can support a chain of inter-
pretations when the intermediate domains and regimes match. These are distinct comparative warrants,
each of which can be used responsibly when its assumptions and omitted aspects are made explicit.

The philosophical standing of these results remains restricted. Proposition 3.3, Proposition 3.4, and
Proposition 3.5 are elementary conditional statements within established relational mathematics. They
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Table 2: Conditions to document when evaluating a proposed partial relational correspondence.

Comparative component Question for verification or revision

Selected domain Which source configurations and target counterparts are represented, and which are
omitted?

Types and interpretation Which labels, units, operations, and meanings are identified, translated, or left open?

Regime alignment Under which source and target conditions is the relation claimed to hold?

Direction of inference Is forward preservation enough, or does the research question also require reflection?

Joint feasibility Does the evidence support coherent combinations of premises and outcomes, rather
than isolated matches?

Information loss Are distinctions collapsed by a many-to-one map relevant to the intended inference?

Compositional chain Does every intermediate mapping remain defined and meaningful on the relevant
domain?

Empirical warrant Which observations, interventions, records, or countermodels could support or over-

turn the proposed correspondence?

clarify the inferential burdens of a comparison without establishing a common ontology among its targets.
The empirical utility of this organization remains to be tested against established methods in particular
disciplines. A favorable test would show that making domains and preservation directions explicit helps
detect a translation failure, formulate an informative competing model, or improve the warranted inter-
pretation of heterogeneous evidence.

The subsequent analysis advances from the existence and scope of a partial correspondence to the
properties it preserves. Section 4 will examine invariance under selected transformations, including the
difference between exact mathematical invariance, robust empirical regularity, and properties introduced
or erased by representational choice. The present section establishes that an invariant claim must name
its mapping, its domain, its relevant relations, and the question for which preservation is meaningful.
This provides a revisable interface for comparative research while keeping differences among generative
histories, material conditions, and interpretive practices in view.

4 Structural Preservation under Selected Transformations

The possibility of a partial correspondence does not by itself determine which aspects of a generative
system survive translation. The present section develops a task-relative account of structural preserva-
tion for selected configurations, relations, transformations, and observations. Its aim is to distinguish
exact mathematical invariance, equivariance, regime-dependent preservation, and empirical robustness.
The argument proceeds from a declaration of the comparison’s relevant properties to commuting condi-
tions, group actions, conservation, lossy observations, and toleranced measurements. The mathematical
statements are conditional applications of familiar results in relational algebra and elementary dynamics.
Their contribution to the present inquiry is to specify what can justifiably be inferred across heteroge-
neous descriptions, and where further domain knowledge is indispensable.

4.1 Preservation Relative to a Declared Comparative Task

The word invariant can describe several quite different achievements. A count may remain unchanged
when components are relabelled; a conservation quantity may remain constant during an admitted phys-
ical transformation; a linguistic relation may survive a stipulated translation; and a statistical coefficient
may remain sufficiently stable across sampled groups. Each assertion names a property, a family of trans-
formations, and a range of admissible contexts. Without those specifications, the expression cross-system
invariant can conceal an unsupported shift from one sort of preservation to another.

Let M, and M, be candidate-system descriptions of the form introduced in Section 2. We select
domains U, C C, and U, C (%, a partial correspondence f : U, — U, of the kind examined in
Section 3, and aligned conditioning regimes (kq, kp). The comparative task also selects a signature %,
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consisting of the relation and operation symbols needed for the proposed inference. A relation absent
from X, is outside the formal preservation claim even if it matters greatly to another investigation. In
particular, a mapping that respects a behavioral outcome label need not respect the historical or material
conditions through which the outcome was generated.

For a scalar or structured quantity, it is often necessary to translate its value space as well as its
configuration. Let g, : U, — Y, and ¢, : Uy — Y, be quantities with a declared interpretation, and
let ¢ : Y, — Y} specify an admissible conversion of units, coding schemes, or categories. An exact
value-transport claim is expressed by the commuting condition in Equation 7.

®wof=¢oq on Uj,. @)

This identity means that measuring after translation yields the same value as translating an appropriately
measured source value. Its empirical use requires an independently defensible interpretation of ¢, g,
and ¢. If ¢ merges distinguishable source values, Equation 7 supports equality of translated values
while potentially concealing variation in the source. A useful convention is therefore to report explicitly
whether the value conversion is injective on the values actually encountered.

Definition 4.1 (Task-relative preserved property). A property selected by a comparative task is exactly
preserved along f when its truth or value agrees across the declared source domain and target image under
an admissible interpretation of its value space. For scalar quantities, this agreement is Equation 7. For a
selected relation R of arity m, forward preservation means that every source tuple in R whose entries lie
in U, has an image tuple satisfying the corresponding target relation. A reflected property additionally
supports inference from the target tuple to the represented source tuple. The claim is restricted to the
specified signature, domains, regimes, and question.

This definition deliberately incorporates the distinction between preservation and reflection estab-
lished in Section 3. Reflection becomes essential when a comparison is intended to justify conclusions
about the source from observations of the target. For example, a coding scheme that consistently groups
distinct biological reaction states may preserve whether a broad outcome category is attained, while fail-
ing to distinguish which resources or intermediate states make that outcome possible. Such a scheme
may remain useful for surveillance or descriptive reporting, but its adequacy for mechanistic explanation
requires further investigation. The same distinction appears in the philosophy of scientific representation,
where structural resemblance and the success of representation for a specified purpose receive distinct
treatment [13].

4.2 Commuting Transformations and Dynamical Correspondence

Generative configurations can also be compared through transformations operating upon them. For a
simple deterministic benchmark, let F,, : U, — U, and F}, : U, — U, be specified admissible updates.
We restrict attention to invariant selected domains so that repeated applications remain defined. The
assertion that f transports the update is the commutation equation stated in Equation 8.

foF,=F,of on U,. )

The two paths through the comparison diagram, transforming and then translating or translating and
then transforming, consequently agree. The condition describes an intertwining or semiconjugacy-type
relation in the selected setting. It is stronger than similarity of isolated outputs, and it is weaker than
a full dynamical equivalence when f is many-to-one. The latter limitation matters whenever different
source states share an observable label while retaining different future possibilities.

Proposition 4.2 (Finite-iteration preservation). Suppose F, and Fy, are self-maps of U, and Uy, respec-
tively, and f : U, — Uy, satisfies Equation 8. Then, for every n € N and x € U, the finite iterates obey
Equation 9.

F(FG (@) = Fy' (f(2). )
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Proof. At n = 0 the statement is the identity on U,. If the assertion holds for n, applying Equation 8 to
F'(x) yields the assertion for n + 1. Induction completes the argument. O

Proposition 4.2 is elementary but provides a useful boundary on interpretation. Finite-iteration preser-
vation follows only after closure of the domains and exact commutation have been assumed. Observa-
tional agreement at one instant supplies neither condition. Likewise, an intervention that changes F,
while leaving the chosen target update unaltered can invalidate the equation. For empirical models, one
must ask whether measurements support a common transformation rule throughout the range in which
the iteration is used. Mathematical existence of an intertwining map cannot substitute for that evidential
assessment.

For relational rather than functional generation, the corresponding requirement is preservation of
each selected transition or multi-input generative tuple. Finite path preservation then follows along se-
quences whose intermediates remain in the selected domain, as discussed for relational correspondences
in Section 3. The reverse inference needs suitable reflection or path-lifting assumptions. Multi-input
generation has an additional feature: configurations representing distinct prerequisites must be jointly
admissible in the same regime. An elementwise mapping can preserve observed outputs and still fail
to retain the feasibility of combining the inputs. The further analysis of such compatibility belongs to
Section 5, while the present distinction concerns the strength of an invariance assertion.

4.3 Symmetry Actions and Cross-System Equivariance

Symmetry provides a disciplined case of invariance relative to transformations. Suppose a group H, acts
on U,, a group Hj, acts on Uy, and a homomorphism ¢ : H, — Hj, represents the intended relationship
between transformation families. A map f : U, — Uy, is equivariant with respect to these choices when
Equation 10 holds.

f(h : $) = w(h> : f({L') (h € H, z¢c Ua)- (10)

The equation permits a source transformation to have a corresponding target action. It does not require
the two groups to be identical, or their actions to exhaust the transformations important to each system.
Equivariance can therefore be useful in heterogeneous comparison while carrying less information than a
group-action isomorphism. Its interpretation depends on whether the selected actions represent physical
symmetries, descriptive relabellings, or transformations generated within a model.

An observable g, constant on the relevant Hj-orbits induces an H,-invariant observable ¢, o f on
U, whenever Equation 10 is satisfied. Indeed, the target invariance and equivariance give g,(f(h -
x)) = qp(¥(h) - f(x)) = q(f(x)). This familiar argument is valid for the declared actions. Its reverse
is generally unavailable when f or ¢ omits target states or symmetries. Moreover, invariance of an
observable under relabelling should be distinguished from symmetry of the governing transition law.
The relationship between physical symmetry, gauge redundancy, and scientific interpretation has been
treated extensively in the philosophy of physics [6]; the present analysis borrows the distinction without
assuming that an arbitrary GR correspondence is a physical gauge transformation.

An elementary counterexample illustrates the point. Let z = (1, x2) denote the binary occupancy of
two independently converting sites, and set ¢(z) = x1 + 2. Interchanging the two site labels preserves
g. Suppose that a vacant first site becomes occupied at rate 2 and a vacant second site at rate 3, in
common arbitrary time units. The rates for the transitions (0,0) — (1,0) and (0,0) — (0, 1) differ, so
swapping sites does not preserve the labelled stochastic generator. The count is permutation-invariant,
but the kinetics lacks that permutation symmetry under these conditions. One can retain the count as
a descriptive common quantity without inferring dynamically equivalent sites or an exactly Markovian
count process.

This example also explains why the nature of the selected transformation matters. A similarity under
a representational relabelling may be exact for a chosen quantity and irrelevant to a scientific question
about rates, causal mechanisms, or resource use. An empirical claim about a physical symmetry needs
independently justified dynamical structure and observations. A comparative claim about equivalent
institutional or linguistic roles requires analogous care about meanings, authorizations, and interpretive
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conventions. The useful common lesson concerns evidential boundaries, rather than an identity between
these different domains of inquiry.

4.4 Conserved Quantities and Information Lost in Translation

Conservation provides a second, more restrictive notion of invariance. For a transition relation " C U x
U, aquantity ¢ : U — Y is conserved along T" when ¢(x) = ¢(2') for every (z,2’) € T. This definition
refers to the selected transitions; it does not identify their physical source or assert conservation under
unexamined transformations. In a physical application, the relevance of ¢ must be justified through the
governing theory and its interpretation. In other domains, an invariant might concern permitted balances,
preserved permissions, or formally maintained properties, with the meaning of the claim correspondingly
altered.

Suppose a source transition 7, is forward-preserved by f into a target transition 73. Let ¢, : U, — Y,
and ¢ : Uy — Y}, satisfy the value-transport equation. Target conservation then yields a limited source
result. Its precise strength depends on whether the conversion ¢ retains distinctions among values.

Proposition 4.3 (Pullback of a conserved quantity). Assume that f : U, — U, maps each transition in
T, N (Ug x U,) to a transition in Ty. Let qq, qb, and ¢ satisfy Equation 7, and suppose gy, is conserved
along Ty. Then ¢ o q, is conserved along the selected source transitions. If ¢ is injective on q,[U,], qa
itself is conserved along those transitions.

Proof. For a selected transition (z,z’) € T, forward preservation gives (f(x), f(z")) € Tp. Conser-
vation of ¢, and Equation 7 imply ¢(qq(x)) = ¢(qa(2’)). Injectivity of ¢ on the image of ¢, gives
4u(@) = qa(a). 0

Proposition 4.3 identifies an ordinary source of apparent invariance. Let g,(z) = 0 and ¢,(z’) = 1
for a source transition  — 2/, and let ¢ send both values to the same broad category. The translated
quantity is constant although ¢, changes. A target relation containing the image transition can therefore
conserve the recorded category without preserving the finer source distinction. A coarse classification
may remain appropriate for a task that asks only whether the broad category persists. It is inadequate for
a task that claims exact conservation of the original quantity.

The reverse direction has a complementary limitation. If g, is conserved along selected source tran-
sitions and f covers only part of the target’s transition system, then target transitions outside that image
may change g;. Conservation within a represented submodel therefore warrants conservation only within
that submodel. This point applies even when the local correspondence is mathematically exact. Evidence
about domain coverage, external influences, and regime changes is needed to expand the claim.

4.5 Representational Quotients and New Apparent Invariants

A quotient can generate a convenient, stable descriptor while erasing distinctions relevant to mechanistic
comparison. Let f : U, — Uy, identify several source configurations, and suppose R}, is formed existen-
tially from the images of selected source tuples. Even when each source relation is mapped forward, the
target may admit additional apparent substitutions because several incompatible representatives share
a label. Section 3 formalized exactness through fibre saturation; in the present context the question is
whether a proposed invariant survives representative choice and available operations.

Two requirements should be separated. First, a candidate quantity g, must be constant on each fibre
of f if it is to descend to a well-defined target quantity ¢ satisfying ¢, = ¢q o f. Second, the desired
generative inference may require the relation itself to descend exactly, which is the stronger relational
condition given by Proposition 3.4. Fibre-constant quantities alone say nothing about whether separately
admissible operations can be combined or whether the quotient has introduced paths unsupported by any
coherent source history.

For example, imagine an observational label that records whether a production system can yield at
least one acceptable output. Two underlying configurations may receive that same label although one
relies on an expiring input and the other on a continuously available resource. The label may remain
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stable across repeated reporting periods; its stability does not demonstrate invariance of the capacities
required to reproduce the output. A second report that records only the presence of a shared institutional
title can similarly conceal different rules governing access, challenge, and authority. Such illustrations
should be treated as methodological thought experiments rather than empirical claims about particular
organizations or populations.

The direction of abstraction also matters. Introducing a more detailed target description can split
a formerly invariant class, while a coarser description can create an invariant category by suppressing
relevant differences. Neither outcome determines which description is more adequate without a research
question and a specified evidential target. The task-relative perspective therefore treats the visibility of
an invariant as a joint result of the phenomenon, the representation, and the declared transformations.
It also allows a failed invariance test to be informative: the failure can identify a condition, history, or
variable that an earlier comparison omitted.

4.6 Approximate Preservation and Stability of Comparative Rankings

Exact commuting conditions are demanding in empirical work. Measurement uncertainty, sampling vari-
ation, model approximation, and incomplete calibration can yield estimates that are informative within
a declared tolerance. Approximate preservation should be stated in terms of an error measure suited to
the comparison’s task, rather than as a vague resemblance. For real-valued quantities whose units have
been aligned through ¢, suppose Equation 11 holds for the selected domain.

a(f(2) — d(qa(x))| <€ (z € Uy). (11)

Here € > 0 is a declared upper bound, justified by calibration, formal approximation, or a stated uncer-
tainty model. In a statistical application, the bound may hold only with specified confidence or prob-
ability; the deterministic equation would then require the corresponding qualification. A low average
discrepancy is also different from a uniform worst-case guarantee. These differences affect what one
can infer about particular configurations and should be reported in the comparative protocol.

Proposition 4.4 (Margin-stable comparison of quantities). Assume Equation 11 and let x,y € U,. If

?#(qa(y)) — ¢(qa(®)) > 2¢, then qp(f(y)) > qv(f(z)).

Proof. The error bounds yield ¢,(f(vy)) > ¢(qa(y)) — € and g5 (f(x)) < ¢(qa(x)) + £. The strict margin
assumption gives the asserted strict inequality. U

Proposition 4.4 is a straightforward consequence of the triangle inequality. It specifies an elementary
way for a comparative ranking to survive bounded translation error. The condition is sufficient, and it
concerns the selected numerical quantity rather than a system’s overall generative status. If ¢ is order-
preserving, the original numerical ordering can also be related to the target ordering; if ¢ reverses order
or merges values, the interpretation changes. At the threshold 2¢, the bounds allow a tie, and smaller mar-
gins may permit reversal. The same reasoning provides limited certificates for threshold classifications
when the distance to a decision boundary exceeds the relevant error bound.

Measurement invariance in empirical social and psychological research supplies a more developed
methodological comparison. It concerns conditions under which constructs and indicators can be com-
pared across groups or occasions, with distinct levels of measurement equivalence and corresponding
inferential limits. The analysis of Reise, Widaman, and Pugh [27] and the methodological review of
Vandenberg and Lance [31] illustrate why a shared numerical response scale alone need not license
substantive comparisons. The present abstract error bound does not replace tests of construct validity,
group-specific mechanisms, or measurement-model adequacy. It merely identifies one formal condition
for an explicitly selected scalar inference.

4.7 Comparative Tests of Preservation Claims

A statement of structural preservation should be accompanied by observations or models capable of
contesting it. The appropriate evidence differs across physical, computational, historical, and interpretive
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Table 3: Selected preservation claims and the additional evidence needed for warranted interpretation.

Claim type Formal requirement Empirical or interpretive check
Value transport wf = dqa Units, definitions, calibration, and information
lost through ¢
Relational preservation Source relation maps into target Domain coverage, regime agreement, and
relation omitted tuples
Dynamical fF,=Fyf Transitions beyond sampled instances; changes
correspondence following interventions
Equivariance f(hx) =¢(h)f(x) Meaning of actions; difference between
relabelling and physical symmetry
Conservation Quantity constant on selected Physical or institutional law and whether
transitions relevant transitions are included
Approximate ranking Uniform error bound and gap Error model, calibration, comparison margins,
> 2¢ and uncertainty coverage

investigations, yet several common questions can be asked. Which configurations are covered? Which
transformations are admissible? Are the observed quantities calibrated to comparable meanings and
units? Does preservation concern a relation, a trajectory, an output, or a conservation law? Is the asserted
property exact, boundedly approximate, or merely suggested by a finite sample? Table 3 organizes these
questions as a comparative audit rather than a general criterion of ontological identity.

A useful comparative research design can proceed by declaring the intended inference, identifying
at least one candidate mapping, testing the selected preservation condition, and recording countermodels
that reproduce the observed similarities while violating the intended conclusion. Such a design can
also compare alternative representations and ask whether the same finding survives plausible changes of
regime and measurement. The construction becomes particularly valuable when a failed mapping can be
associated with a specific missing premise, such as a resource constraint, an unmeasured environmental
influence, or a historically produced interpretive convention. The present paper has not yet established
through independent studies that this procedure improves comparative practice; that claim remains a
research proposal.

A further distinction concerns who selects the comparison. A researcher can identify a mathemati-
cally elegant invariant while affected participants regard the omitted differences as central to their prac-
tices or obligations. Equally, a community may employ a locally meaningful equivalence that has limited
transferability to another scientific or institutional setting. These possibilities call for transparency about
the authority, purposes, and consequences attached to comparative categories. Their normative and pro-
cedural implications will receive separate examination in Section 10; they should not be derived from
the existence of a commuting diagram.

The present section therefore supplies a hierarchy of warranted formal statements without ranking
the systems themselves. A partial mapping may preserve selected relations, a commuting transformation
may preserve finite iterations, an equivariant comparison may preserve an orbit-invariant observable,
and an approximate scalar transport may preserve rankings separated by adequate margins. Each result
remains conditional on its own assumptions. The next section turns to generative compatibility across
differing conditions, where joint prerequisites, consumable resources, and the simultaneous validity of
mapped operations become the principal objects of comparison.

5 Generative Compatibility across Distinct Conditions

A relational correspondence can preserve selected transformations while leaving open whether those
transformations can be realised together. The present section investigates this additional question through
the joint conditions of generative activity. Its objective is to distinguish individually admissible opera-
tions from jointly feasible arrangements, and to identify the material, institutional, and representational
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assumptions required to compare their compatibility across heterogeneous systems. The discussion be-
gins with a conceptual account of compatibility relative to declared conditions, introduces an inventory-
sensitive model of generation, proves two elementary results about feasibility and composition, and then
examines regime changes, historical dependencies, and practical comparison protocols. These formal
constructions are deliberately restricted: they clarify particular inferences about resources and opera-
tions while leaving the interpretation of a system’s generative significance open.

5.1 Compatibility as a Conditioned Comparative Relation

A partial mapping from one system to another, as developed in Section 3, identifies selected configura-
tions and may preserve a relation describing how an outcome follows from a set of premises. Structural
preservation under transformations, examined in Section 4, strengthens a comparison when a map inter-
twines dynamics or respects a specified quantity. Neither result, taken alone, settles whether operations
share an admissible regime, draw upon the same finite resources, or can take place within one coherent
configuration. The relevant analytical object is therefore generative compatibility under declared condi-
tions. Compatibility is indexed by the operations to be combined, their demands, the available resources,
and the type of arrangement under consideration.

One can distinguish at least three tasks that sometimes receive the same description. A possi-
bility comparison asks whether an outcome can be obtained under some admissible conditions. A
joint-feasibility comparison asks whether several outcomes can be obtained within a single resource-
constrained realisation. A continuity comparison asks whether their production can be sustained under a
succession of relevant conditions, including replenishment and wear. These tasks require progressively
different information and admit different evidential tests. Observing two outcomes in separate trials
may establish possibility for each; it generally supplies insufficient evidence for their joint production
under one unchanged initial endowment.

For the present analysis, a regime specifies the admissibility and interpretation of operations as well
as relevant boundary conditions. An inventory or resource state specifies what remains available within
that regime. A comparison between regimes must record whether the same resources, environmental
conditions, or institutional permissions are assumed. An operation can be technically specified yet dis-
abled by a shortage, restricted by a binding obligation, or unavailable because a required participant has
withdrawn. The term compatibility names a relation between selected activities under these conditions,
rather than a property of an entire subject detached from its relations.

The distinction is useful across the cases considered in this paper. A computational service may
expose two functions while allocating insufficient memory or computing time to run them together. A
laboratory protocol may permit each reaction in isolation while giving the reactions a shared, consumable
reagent. A collaborative research arrangement may describe several participating institutions as able to
contribute, while their mandates, data permissions, and scheduling constraints make simultaneous per-
formance unavailable. The examples express different mechanisms; a common comparative vocabulary
does not imply that material scarcity, software scheduling, and institutional permission are instances of
one physical law. Their conditions of validity must be established separately.

5.2 Joint Prerequisites and Resource-Sensitive Generation

To examine physical and computational resources within a transparent formal setting, let P be a finite set
of resource types and let a marking m € N record the available quantity of each type. A finite collection
R of rules is specified by input and output vectors o, 3, € N*'. The present interpretation treats these
inputs as consumable or temporarily unavailable quantities and the outputs as quantities subsequently
available. A rule fires when its input is covered by the marking. Equation 12 gives the elementary firing
relation.

m < m —a, + (, provided m > «, componentwise. (12)

Equation 12 is an ordinary marked Petri-net construction, included as a model of resource-sensitive
generation rather than an original mathematical innovation. Its established history and compositional
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developments offer a relevant comparison to the present project [4]. Resource-sensitive logical distinc-
tions also have a different, proof-theoretic treatment in linear logic [14]. The physical significance of a
token, and whether a given resource can genuinely be consumed, restored, duplicated, or shared, depends
on the application; the formal descriptions are complementary tools rather than universal substitutes for
empirical investigation.

The inequality in Equation 12 distinguishes the availability of a premise from its mere occurrence
in a rule description. It also provides a concrete setting in which compatibility is more demanding than
individual enablement. Given a finite multiset of intended firings represented by n € N, suppose they
must begin together, with every input reserved before any output can be used. Equation 13 characterises
their joint input feasibility under this one-round reservation convention.

Joint,,(n) <— m> anar. (13)
reR

Definition 5.1 (Conditioned generative compatibility). For a specified inventory model, regime x, initial
marking m, and finite intended collection n of rule firings, the collection is jointly compatible in one
round when its rules are admitted by « and the componentwise reservation condition in Equation 13
holds, together with any separately declared global restrictions. A collection is sequentially feasible when
there exists an admissible ordering of its firings, each enabled at the marking resulting from the preceding
firings. These are task-indexed concepts. The definition does not equate joint one-round compatibility
with sequential reachability, viability over an unbounded horizon, or normative permission.

One-round reservation is intentionally stricter than a sequential schedule that can use intermediate
outputs. It is also more restrictive than arrangements where a catalyst or institutional credential remains
reusable among operations: such cases call for explicit read-only, inhibitory, capacity, or scheduling
conditions in a richer model. The comparative record should specify which kind of use is being claimed.
The phrase same resource may refer to a single consumable object, a reusable instrument with finite
processing capacity, an access right that permits several uses, or a replenishable stock. Conflating these
cases can produce apparent incompatibilities as readily as overlooking genuine conflicts.

5.3 Marginal Possibility and Joint Attainability

A basic counterexample shows why the marginal reachability of two outcomes is a weaker statement
than their joint attainability. Consider three species A, B, and C, with initial marking mq = (1,0, 0) and
two rules A — B and A — C. Both terminal configurations (0, 1,0) and (0,0, 1) are reachable from
my by a single firing. The configuration (0, 1, 1) would require two output units although the permitted
rules each consume the sole initial A unit and supply one product. It is therefore unreachable from this
marking. The model has two individually reachable alternatives and one unsatisfied joint target. It does
not establish any general empirical claim about real chemical production without identifying the relevant
reactions and conservation laws.

The comparison can be expressed in terms of an outcome predicate. Let Vp identify markings con-
taining B and V¢ identify markings containing C, with Reach(m) the markings reachable by finite
firing sequences. The two marginal claims are Reach(mg) N Vp # & and Reach(mg) N Vo # @. The
joint claim requires Reach(mg) N Vp N Ve # @. In the stated example the first two claims hold and the
joint claim fails. The distinction is set-theoretically elementary, yet it matters when a comparison uses a
list of separately reachable products as a proxy for the system’s ability to maintain them together.

The converse caution is equally important. If two outcomes are found together, that observation
does not identify the generative route that produced them; an earlier stock, an external source, or an
unobserved transformation may explain their coexistence. Establishing a claimed resource mechanism
requires evidence about inventories, flows, initial conditions, and the time or event scale of observation.
A snapshot may show the result of a feasible trace without revealing which trace occurred. This point also
anticipates Section 2’s distinction between the target system and the observer’s descriptive commitments.
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Proposition 5.2 (One-round resource criterion and its limitation). Suppose the only constraints on a
collection of simultaneous firings are the availability of consumable inputs c. in a single initial mark-
ing m, the admissibility of the selected rules, and the requirement that their inputs be reserved before
any output becomes available. The collection is feasible precisely when Equation 13 holds. This is a
one-round, simultaneous-reservation criterion: it does not characterize arbitrary sequential execution,
catalytic reuse, or outputs becoming available between firings. In general, the individual enabling of
each selected firing does not imply this joint condition.

Proof. The stipulated one-round interpretation requires a separate allocation of «,. for each occurrence
of rule r; summing the required inputs gives the componentwise necessary condition. If the inequality
holds, the marking supplies those allocations and the declared assumptions permit the joint firing. For
the final assertion, let m contain one token of type A and let two distinct firings each require one A token.
Each is individually enabled, while their combined demand exceeds m 4. O

Proposition 5.2 concerns a deliberately restricted operational convention. It should not be mistaken
for a novel feasibility theorem or extended automatically to concurrent systems that permit resource
sharing, fractional quantities, alternative pathways, or intermediate replenishment. The value of the
formal result in G4 is diagnostic: it identifies which additional premises a comparison must contain
before an inference from separate generative possibilities to joint capability is warranted. In applications,
this can be tested by a detailed resource ledger, an executable scheduling model, or an intervention that
holds the relevant supply conditions fixed.

5.4 Independent Composition and Shared Constraints

Compatibility can sometimes be established compositionally. The strongest elementary case arises when
two subsystems have disjoint resource types, local rules, and independent admissibility conditions. Un-
der these assumptions, each subsystem has its own marked transition system, and the composite has
product markings. Changes in one component leave the other unchanged. A route that is feasible in the
first component can then be interleaved with a feasible route in the second without resource competition.
Equation 14 states the resulting product form of reachability.

Reachl@Q ('ml, mz) = Reach1 (ml) X Reachg(mg). (14)

Proposition 5.3 (Reachability under independent interleaving). Let two marked rule systems have dis-
joint resource sets and disjoint local transition rules, and suppose their composite permits arbitrary finite
interleavings of locally enabled transitions with no shared constraints. Then Equation 14 holds for any
initial product marking (my, ms).

Proof. A finite composite trace consists of firings from the first or second component. Projecting its
firings onto either component yields a valid local trace, so the composite endpoint belongs to the product
on the right. Conversely, any two finite local traces may be interleaved or concatenated because each
firing changes only its own component and the hypothesis excludes shared restrictions. Their endpoint
is therefore reachable in the composite. O

Proposition 5.3 is a standard independence property. It isolates the precise assumptions supporting a
positive inference from separate local reachability to joint reachability. A single shared stock, a shared
deadline, a global power limit, or a synchronization requirement may invalidate the factorisation. The
product construction is therefore a useful null model of independence against which a proposed cross-
system composition can be examined. Its failure can indicate a hidden interface, an omitted constraint,
or a misdescription of the relevant configuration space.

The difference between disjoint composition and composition through interfaces deserves special
attention. A networked system may export outputs from one subsystem as inputs to another, permit
shared access to a capacity, or require matched operations. Such systems can still be modeled com-
positionally, provided the connecting interface specifies how resources, transitions, and conditions are
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identified. Established accounts of open Petri nets make these interface commitments explicit and distin-
guish operational composition from reachability summaries [4]. Similarly, the compositional vocabulary
of category theory can track mappings that respect a selected kind of structure [11]. The particular se-
mantics of the interface must be fixed before a mathematical composition is interpreted as a feasible
physical or institutional arrangement.

The present analysis does not assign a single preferred abstraction to every interface. An electri-
cal supply constraint, a collective research agreement, and a shared ecological habitat involve different
mechanisms and kinds of evidence. The common methodological requirement is to represent interac-
tions that can defeat independent composition. In some cases, the relevant interface is a physical flow, in
others a capacity allocation, a permission, or a coordinated sequence of decisions. Comparisons should
preserve that diversity while identifying whatever restricted structure genuinely transfers.

5.5 Regime Translation and the Continuity of Comparative Conditions

Cross-system correspondence becomes fragile when a comparison silently changes the admissibility con-
ditions that make its source operation possible. Let «, and «; be declared regimes, with the partial regime
correspondence p from Definition 3.1. An operation admitted in x, may have a representational coun-
terpart in k; while relying on a different enabling inventory, institutional approval, or environmental
supply. Forward preservation of its state transition is then a claim about selected tuples; compatibility
across complete activities requires additional information about their enabling conditions and continua-
tion.

A workable description can augment configurations with resources and regime information, so that
an operational state has the form s = (¢, m, ). A proposed comparison then records a partial map
on the admissible operational states and, when pertinent, the resource and regime interpretations that
accompany it. If the intended inference concerns an entire finite trace, each successive mapped state
must remain in the chosen domain and each mapped operation must remain enabled under the target
regime. This is stronger than observing that isolated input and output configurations can be assigned
corresponding labels.

A simple induction explains the relevant sufficiency claim. Suppose every selected source opera-
tional transition between states in the comparison domain has a corresponding target transition, the initial
operational states correspond, and the image of each source successor remains in the domain through-
out the trace. Then the mapped trace exists in the target transition system, by applying the one-step
preservation property successively. The proof resembles the composition argument in Section 3; its sig-
nificance here lies in making the complete operational state, including enabling conditions, the object
mapped. Merely comparing projected outcome labels may conceal an exhausted resource or a changed
permission between steps.

The converse inference would require a suitable reflection or lifting condition, which may fail be-
cause a target system has additional sources of replenishment, more generous admissibility conditions,
or a greater choice of implementations. A simulation of a source process by a target therefore need not
establish reciprocal interchangeability. In more demanding applications, a relation between operational
states may be preferable to a single-valued mapping, particularly when several target states can instan-
tiate one source description. Such a relation must still declare what counts as matching a transition and
which differences matter to the comparative question.

Compatibility across changing conditions also raises a historical issue. A rule might be enabled
today by a stock accumulated through an earlier process or by an entitlement established through an
institutional history. Its present success may depend on conditions absent from the instantaneous config-
uration. A state representation containing only current visible outputs can therefore omit the provenance
that makes continued operation possible. For that reason, longer-horizon comparisons should register
stocks, replenishment, contractual or ecological dependencies, and the assumptions used to treat a pro-
cess as repeatable. Section 6 will develop historical provenance as a separate dimension of comparative
inference.
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5.6 Material, Institutional, and Ecological Interfaces

The resource models clarify particular aspects of joint feasibility, but a comparison of heterogeneous
subjects or systems involves relations that exceed a token ledger. Material infrastructures, legal per-
missions, social recognition, and ecological dependencies can each function as conditions enabling a
practice. Their inclusion requires a description adequate to the question, with their respective evidential
and ethical limits stated. The same formal indicator of availability can correspond to a measurable stock,
a temporary authorization, or an interpretive convention; agreement of the indicators establishes neither
identity of those mechanisms nor equal consequences for participants.

Consider, as a hypothetical institutional illustration, two organizations that separately advertise ac-
cess to the same data repository. The organizations may each maintain legitimate credentials, but a
shared licensing arrangement may prohibit simultaneous extraction or impose a single rate limit. If the
comparison asks whether each organization can execute one query, marginal access may suffice. If the
question concerns their ability to conduct a coordinated analysis, the shared capacity, permitted uses,
and scheduling rules become part of the generative conditions. A corresponding pair of state labels of-
fers little warrant until these interface conditions have been examined. The example is an analytical
construction and does not describe a real institution.

An ecological illustration differs in its physical and normative character. Two populations may each
persist under separate resource conditions, while their combined presence in a shared habitat alters nutri-
ent flows, space, or exposure to risk. Determining whether their coexistence is feasible requires a model
or empirical inquiry into interaction, replenishment, and relevant timescales. The fact that a mathemat-
ical model permits an allocation does not itself answer whether that allocation is sustainable, ethically
acceptable, or appropriately governed. In human—AI systems, a similar distinction appears between com-
putational ability and the authority to deploy an operation on data belonging to others. In each case, the
formal model identifies questions to investigate; domain-specific science, law, and stakeholder interpre-
tation determine whether its assumptions hold.

Such heterogeneity cautions against defining a universal index of compatibility. A binary operational
test may be adequate for a finite scheduling task but too coarse for ecological viability or institutional
consent. Where evidence is incomplete, a comparison can return a conditional result or a set of possible
outcomes rather than a definitive equivalence claim. In particular, a lack of observed incompatibility
should be distinguished from a demonstrated absence of conflict under a sufficiently comprehensive test.
This distinction preserves the epistemic role of unresolved cases while helping researchers identify the
next measurements, documents, or interventions required.

5.7 Comparative Evaluation of Joint Feasibility

An evaluation of generative compatibility should begin with the intended inference and the scope of the
comparison. The researcher can then state a regime, the operational objects being related, the proposed
mapping, and the conditions necessary for simultaneous or successive performance. The resulting claim
may be exact within a formal model, supported by observation under stated confidence, or a provisional
hypothesis requiring further inquiry. Table 4 records several common inferential steps and the observa-
tions most likely to challenge them.

Table 4 should be read as a menu of discriminating questions rather than an all-purpose instrument.
It invites several concrete research designs. In a formal comparison, one can calculate reachability for
isolated and joint objectives, document the enabling markings, and identify a minimal resource conflict.
In a physical application, one can measure the relevant inventories and fluxes, test conservation assump-
tions, and compare model predictions with controlled interventions. In an institutional comparison, one
can examine written permissions, resource-allocation practices, and participants’ ability to contest a de-
clared mapping of capabilities. These procedures may generate mutually informative evidence while
retaining different standards of validity.

A rigorous comparative report should also record countermodels. The one-unit example of Sec-
tion 5.3 supplies a countermodel to an unrestricted inference from separate possibility to joint feasibility.
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Table 4: Levels of generative compatibility and evidence required for cross-system comparison.

Target inference Declared model requirement Relevant challenge or observation
Individual possibility Separate reachable output for each  Distinct initial stocks or incompatible regimes
activity across trials
Joint one-round Common inventory covers total Shared consumables, capacity limits,
feasibility reserved inputs synchronisation
Sequential compatibility ~ One valid ordered trace with Intermediate resource depletion or hidden
updated markings enabling changes
Independent Disjoint resources and local rules, Shared interfaces, quotas, permissions,
composition unrestricted interleaving deadlines
Cross-regime process Operational-state mapping Incomplete regime translation, replenishment
translation preserves enabling and selected differences
steps
Continuing coexistence Declared replenishment, viability Cumulative losses, ecological feedback,
and relevant time horizon revocable rights

The independent-product result of Proposition 5.3 supplies a positive benchmark under explicit inde-
pendence assumptions. The contrast helps locate the burden of proof: a claim of compatibility needs
evidence for the conditions that connect the proposed operations, while a claim of incompatibility needs
evidence that the apparent obstacle persists under the permitted alternative paths, replenishment, and
institutional arrangements. This balanced requirement is important when comparative findings may in-
fluence access, cooperation, or allocation decisions.

The proposed approach remains an evaluative framework rather than an empirically established gen-
eral theory. The propositions employ standard finite-state and resource-sensitive mathematics; their
novelty is not asserted. The philosophical contribution is to identify compatibility as an additional, task-
relative warrant within cross-system comparison and to keep that warrant separate from observational
similarity, structural preservation, and normative justification. The next section examines the historical
provenance of comparable configurations, where different paths of formation and inherited dependencies
can alter the significance of otherwise similar present possibilities.

6 Historical Provenance in Comparative Inference

Comparisons between heterogeneous generative systems frequently begin from currently available de-
scriptions, measured outputs, or institutional arrangements. Yet configurations that agree under these
descriptions can retain different possibilities because the relations through which they were formed have
altered hidden resources, permissions, dispositions, or modes of interpretation. Historical provenance
provides a way to assess this possibility. The present section specifies the analytical roles of formation
histories, distinguishes evidence of prior events from claims about causal dependence, and asks when
a present-state correspondence supports inferences about subsequent generative activity. It develops
a finite history-sensitive transition model, proves a restricted criterion for preserving observable con-
tinuations, and examines practical cases and evidential limitations. The formal model uses a declared
succession of recorded events for analysis; it presupposes neither a universal temporal order nor an on-
tologically privileged conception of history.

6.1 Formation Histories as Comparative Evidence

A formation history is a supported account of events, transformations, inheritances, and constraints rel-
evant to the emergence of a selected configuration. Its content depends on a question: a technical com-
parison may require manufacturing and calibration records, whereas an institutional comparison may
require changes in authorization, responsibility, and access to records. The history is therefore a selected
and revisable evidential object. Its admissible components may include measured changes, documentary
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records, preserved material traces, witness reports, or inferred but uncertain intermediate configurations.
A report about an event and the event’s physical occurrence are different objects of inquiry, even where
reliable evidence connects them.

The history of a generative configuration can matter in several distinguishable respects. Material
inheritance concerns resources, wear, stored energy, or retained structures. Relational inheritance con-
cerns dependencies on other participants and infrastructures. Institutional inheritance concerns enforce-
able permissions, obligations, and procedures. Interpretive inheritance concerns conventions that give
current symbols or practices their operative significance. These dimensions may coexist, but their mech-
anisms and evidence differ. Their relevance must be demonstrated relative to the comparative conclusion
under examination.

Path-dependence research supplies established reasons to take such variation seriously. Arthur’s
increasing-returns model relates adoption histories to the eventual selection of competing technologies,
and Pierson explains how increasing returns can make sequences and contingent junctures consequential
in political development [3, 25]. These works support a bounded methodological motivation. Their
particular mechanisms should be tested within the relevant economic or institutional domain; the present
inquiry does not extend increasing returns indiscriminately to biological, linguistic, or artificial systems.
In each field, a historical claim requires a specified process through which earlier conditions remain
consequential.

Provenance may be represented as a sequence where the admissible events have an agreed order,
or as a partially ordered network where only some precedences are warranted. The second representa-
tion may be more appropriate for distributed institutional operations, interacting ecological processes,
or heterogeneous observational records. Selection of a sequence in the formal illustrations below is a
convenience for finite derivations. The philosophical conclusions concern relations of generation and
evidence that can also be represented without a single comprehensive clock or chronology.

6.2 Present Correspondence and Historical Indeterminacy

Let a current description be supplied by an observation map o and a configuration space C. Two con-
figurations ¢ and d may satisfy o(c) = o(d) while differing in additional variables that regulate their
admissible transformations. Equality of observation can therefore certify a common present appearance
while leaving the relevant formation histories unresolved. Even exact equality of selected structural at-
tributes permits historical differences, since several transformations may lead to one observable state.
The question of whether those differences matter for future comparison turns on the selected operations
and their enabling conditions.

The distinction builds on Sections 3 and 5. A local map can preserve current relational attributes,
and separate operations may each be feasible under their own declared resources. A stronger inference
concerns whether matching present descriptions license matching sets of subsequent actions within one
coherent history and regime. This requires attention to what has already been consumed, which rights or
capacities remain available, and how the admissibility of a future operation depends on previous events.

Consider two hypothetical measuring devices with the same current display and nominal specifica-
tion. One has undergone a recent calibration procedure, while the other has an unrecorded exposure that
changes its response to a future perturbation. Their present displays can agree, yet predictions about
measurement reliability require additional information. The example establishes a logical possibility
rather than a factual claim about a class of instruments. Correspondingly, two administrative roles might
carry the same title while differing in powers inherited through prior delegations. In both cases, the rel-
evant comparison extends beyond the visible label toward the history-dependent rules governing what
the configuration can do.

Historical indeterminacy must also be distinguished from genuine historical dependence. A config-
uration may have multiple recorded paths of formation with identical present capabilities and identical
responses to all interventions relevant to the inquiry. In that situation the paths can remain distinct for
archival or interpretive purposes while making no difference to the selected predictive task. An adequate
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framework should allow both possibilities rather than infer path dependence from the mere existence of
different narratives.

6.3 A History-Sensitive Model of Generative Continuation

A restricted transition model makes the distinction precise. Fix a regime x, a set of admissible finite
histories #, an alphabet A of selected actions, and a set Y of observed outcomes. A history h € H,,
is a record of configurations and events in an admissible local order. Write h = A’ when action a has
an admissible successor history h'. Let ¢ : H, — Z record the current comparative description, with
codomain Z. The map ¢ may omit earlier operations, hidden stores, permissions, or other provenance
variables. For the moment, its target is a formal observational description, rather than a claim about the
uniquely correct state of the world.

Definition 6.1 (Task-relative provenance adequacy). For a set of selected actions Ay C A and a current-
description map ¢, a description is one-step continuation adequate on a supported domain Hy C H,,
when, for any h,k € Hy with ¢(h) = ¢(k) and any a € Ay, the sets of observable successor descrip-
tions coincide, provided the relevant successors belong to Hy. Formally, the requirement is given in
Equation 15.

{q(h): S W, W e Hy} = {qk): kS K, k' € Hp}. (15)

Equality in Equation 15 includes the possibility that both successor sets are empty. Consequently,
a shared observed present is insufficient to license a common action unless both histories have corre-
sponding observable successors for that action. The criterion concerns the selected transition relation
and observation map. It is stronger than matching current observations, and weaker than requiring the
underlying histories or material configurations to be identical. It is an application of standard behavioral-
equivalence reasoning [28], adapted here to make provenance a separate component of the comparative
warrant.

Proposition 6.2 (Observable continuation under a stable history domain). Suppose H contains every
admissible successor reached from its histories by actions in Ay, and Equation 15 holds for every pair
of histories in Hy sharing the same g-image. Then the observable description classes support a well-
defined action-labelled transition relation. For every finite action sequence in Ay and every two initial
histories in Hy with the same g-image, the sets of observable terminal descriptions attainable through
that sequence coincide. The conclusion concerns attainable observable terminal sets under the declared
actions, without identifying transition probabilities, durations, or causal histories.

Proof. For each description z represented in Hy and selected action a, define its observable successor
set by choosing any representative h with g(h) = z. Equation 15 makes the definition independent
of the representative. For a sequence of length zero, the terminal-description set contains the shared
initial description. Assume equality of terminal-description sets after a sequence of length n. The set
after one further selected action is the union of successor sets of all descriptions attained at length n.
Representative independence and the induction hypothesis give the same union for either initial history.
Closure of Hj under selected actions permits every step. Induction proves the assertion. [

Proposition 6.2 is a familiar quotient-transition argument. It establishes a precise sufficient condition
for the prediction task described; it is not a new general theory of historical determination. In stochastic
settings, equality of successor sets remains too weak to preserve probabilities, and equality of associated
transition kernels or an appropriate probabilistic behavioral criterion would be needed. For histories
subject to resource consumption, the history states must include enough information to determine the
admissible firings. The conditions in Proposition 6.2 should thus be checked at the level corresponding
to the intended inference.
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6.4 A Counterexample from Divergent Formation Paths

A finite counterexample shows how current-description equality can conceal a difference in admissible
future action. Begin with a common initial configuration so. A protect operation produces a hidden
condition s,, that preserves one unit of a required precursor; a spend operation produces s, in which that
precursor has been exhausted. Both conditions are displayed as z = ready by the chosen present-state
observation g. An execute operation is admissible from s, and produces an outcome s ¢, while no execute
successor is available from s;. The different formation paths are both admissible, and their endpoints
share an observation. Nevertheless, their continuation sets differ for the selected action.

The crucial details are the omitted resource condition and the action under comparison. The observa-
tion ready may be entirely accurate for a narrow user-interface convention and still be insufficient for
predicting execution. Recording the consumption event, or recording the remaining precursor directly,
resolves the ambiguity for this particular task. The richer record need not retain every detail of the forma-
tion history. Its adequacy depends on whether the remaining information suffices for the relevant action
and outcome claims.

This example should be distinguished from the consumptive-resource counterexample of Section 5.
Section 5 examined several proposed operations drawing on a common endowment. The present example
examines two alternative histories leading to observationally equivalent present configurations whose
later capabilities differ. The problem is therefore historical sufficiency of the comparison record, even
when only one future operation is being considered.

A corresponding practical error can occur when researchers infer a participant’s capacity from an
output label without examining the procedures that granted access to the enabling infrastructure. The
point is a comparative caution: different histories can yield the same observable descriptor, and a claim
about subsequent capacity needs evidence concerning whichever historical dependencies remain oper-
ative. The actual existence and magnitude of such differences must be established for each empirical
application.

6.5 Predictive Equivalence and Economical Provenance Records

Complete histories are often unavailable, costly to collect, and unnecessary for a defined prediction.
The relevant objective may be to construct a sufficient historical summary: a representation that retains
precisely the distinctions needed for selected future inferences. For a stochastic process with recorded
past h, one ideal criterion is equality of conditional distributions over the future observables relevant to
the study. It is stated in Equation 16 for histories on which the conditional probabilities are defined.

h~ped b = P(Yruwre € B | h) = P(Yruwre € B | k) for all selected measurable 5. (16)

Equation 16 expresses an established predictive-equivalence idea in the setting of a declared obser-
vational task. Computational mechanics provides a substantial formal tradition in which histories are
grouped according to their predictive implications and minimal representations are investigated [30].
The present paper adopts that tradition as an intellectual resource and does not claim priority over it.
Furthermore, a predictive statistic can be adequate for forecasting selected observables while omitting
information needed to assess responsibility, legal provenance, interpretive legitimacy, or the validity of
a counterfactual intervention.

The distinction between predictive sufficiency and explanatory sufficiency is consequently impor-
tant. A summary can successfully forecast observable outcomes while collapsing histories with different
causal structures. If a researcher intends to assess how a capacity was produced, which participant made
a constitutive contribution, or how the system would respond to an intervention, the summary must
preserve evidence pertinent to those questions. The relevant set of futures and interventions must be
declared, and alternative hidden-state models should be considered. Forecasting accuracy alone licenses
only the predictive claim evaluated.
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History records can also be compressed for legitimate reasons unrelated to forecasting. A legal
chain of custody may retain acts of transfer and authorization; a laboratory provenance record may re-
tain calibration versions, instruments, and transformations; a linguistic inquiry may retain changes in
usage communities and interpretive conventions. In each case, the admissible compression is relative
to a purpose. More archival detail may improve reconstruction, but increasing detail without a clearly
specified question may also increase noise, privacy exposure, and false confidence in the completeness
of the record.

6.6 Comparison across Divergent Historical Regimes

Cross-system historical comparison introduces a difficulty beyond reconstructing one system’s trajec-
tory. The relevant histories may be described with different categories, recorded at different resolutions,
or governed by different admissibility regimes. A mapping between current configurations may there-
fore require a second mapping between selected formation events and an explicit account of what each
historical description omits. Such a mapping must respect the units and interpretive conventions of the
particular inquiry. A manufacturing event, an ecological succession, and an institutional delegation can
each be represented as a transformation while carrying different causal and normative implications.

A common comparative procedure can begin by identifying the target outcome or capacity whose
origin is in question, selecting the relevant precursors and transformations in each system, and specifying
which correspondence between these transformations is justified. For some questions a partial order
over events is sufficient; for others durations, rates, or simultaneous interactions are essential. A formal
relation between event records should preserve the dependencies on which the intended inference relies.
Equivalent labels for events provide only a preliminary aid to interpretation. Evidence about enactment,
execution, and material consequences is needed to establish substantive correspondence.

Historical comparison can also reveal distinct counterfactual opportunities. Two organizations may
exhibit similar current practices while one has independent capacity to revise its protocol and the other
remains dependent on external authorization. Two technological assemblages may deliver an identical
output yet differ in their opportunities for repair because their components, interfaces, and supply condi-
tions were generated through different arrangements. In such comparisons, the researcher should identify
the precise mechanism connecting formation history to current feasible practice. The conclusions should
remain confined to demonstrated dependencies rather than to any asserted universal ranking of autonomy
or historical development.

Increasing-returns and lock-in accounts provide useful hypotheses where cumulative adoption or in-
stitutional reinforcement can be evidenced [3, 25]. Alternative mechanisms may include fixed material
constraints, reversible optimization, common external shocks, measurement artifacts, or selective reten-
tion of records. An observed association between earlier adoption and later dominance can be compatible
with several such processes. Historical sequencing and causal dependence consequently require differ-
ent kinds of evidence. The comparative objective is to discriminate among these mechanisms, where
feasible, while leaving unresolved cases explicitly open.

6.7 Provenance Documentation and Evidential Boundaries

A defensible historical comparison should make its provenance selection and its limits inspectable. Ev-
idence about a past transformation may be missing, contested, or selectively preserved. Archives can
reflect asymmetric recording power, measurement practices can change, and reconstruction algorithms
can import assumptions about admissible sequences. A formal model cannot remove these difficulties
by assigning a single path to an uncertain record. Where multiple histories remain compatible with the
observations, the analysis may instead compare the conclusions supported across the admissible recon-
structions.

Table 5 presents an operational checklist. It keeps distinct the existence of a record, the adequacy of
a reconstructed history, and the validity of a causal or predictive conclusion.
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Table 5: Evidence required for historically informed comparison of heterogeneous systems.

Comparative element Evidence, test, or qualification to record

Current equivalence Observation variables, resolution, matching rule, and conditions in which the
present descriptions agree

Formation record Event types, provenance sources, ordering assumptions, missing periods, and dis-
puted accounts

Persistent dependency Material, relational, institutional, or interpretive mechanism connecting prior for-
mation to current capability

Future comparison Selected actions, horizons, observable outcomes, and whether continued feasibility
is modeled

Predictive sufficiency Alternative histories sharing the present description, and tests for equal continua-
tions or conditional distributions

Causal interpretation Intervention assumptions, rival mechanisms, and evidence capable of discriminat-
ing historical dependence from confounding

Cross-system translation Correspondence between event categories, regimes, and the historical distinctions
lost in the mapping

Review and correction Procedures for revising the history set, challenging provenance claims, and updat-

ing conclusions

The criteria in Table 5 are proposals for disciplined inquiry, rather than a validated generic scoring
scale. Their application will vary with the kind of evidence available and with the ethical implications of
collecting it. In human or institutional research, reconstructing histories may expose confidential partici-
pation, security-sensitive dependencies, or unequal opportunities to challenge records. Legitimate access,
proportionality, and the ability of affected parties to contest an inference may therefore be conditions of
responsible comparative practice.

Historical provenance tests whether present-state comparisons remain adequate in light of formation,
retained constraints, and future possibilities. The analysis distinguishes descriptions that preserve se-
lected continuations from those that conceal operative dependencies. Alongside the resource-sensitive
criteria of Section 5, the present section provides a test of historical sufficiency. The following section
examines reconstruction limits when observations support incompatible models.

7 Formal Limits of Cross-System Reconstruction

The reconstruction of heterogeneous generative systems presents an inverse problem: observations of
configurations, outputs, and selected transformations must be related to underlying generative conditions
that may remain partly inaccessible. The objective of this section is to determine which comparative
assertions follow from such evidence when several explanatory models remain admissible. The argument
proceeds from the definition of evidence-compatible reconstruction families to a criterion for identifying
task-specific comparisons, finite countermodels, partial identification, and research designs capable of
discriminating rival accounts. Its formal constructions are elementary set-theoretic and finite-model
results. Their scholarly role lies in making explicit the conditions of inference across different systems;
they introduce neither a universal inverse method nor a general solution to causal identification.

A comparison can be well defined while its evidential justification remains unsettled. For example,
two systems may expose the same interface and yield the same recorded outputs under routine operating
conditions, yet differ under an intervention that draws on unobserved resources or historical permis-
sions. Structural correspondence, as formulated in Section 3, determines what a proposed map claims
to preserve. Historical adequacy, as examined in Section 6, tests whether present descriptions retain
the continuations relevant to a question. Reconstruction requires a further step: the investigator must
establish how far the available observations constrain the models and correspondences from which these
claims are inferred. The distinction is especially important where a description can be made precise long
before the description has been empirically warranted.
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7.1 Reconstruction as a Task-Relative Inverse Problem

Let A and B denote two candidate systems. A comparative reconstruction may concern their config-
uration spaces, operational rules, historical dependences, observational interfaces, and proposed maps
between them. An observed record may contain selected input—output pairs, time-ordered events, mea-
surements at a finite resolution, statements by participants, or institutional documents. These are differ-
ent kinds of evidence. Their combination calls for declared correspondence assumptions, including the
conditions under which measurements or terms from the two systems can be regarded as comparable.

The mathematical language of inverse problems supplies a limited but useful analogy. A forward
model generates possible observations from stipulated dynamics or parameters. In the inverse direc-
tion, observations constrain the candidate models compatible with them. The methodological literature
distinguishes forward specification, uncertainty, and the use of regularization or prior assumptions in
reconstruction [18]. In G4, a forward model may include both a pair of systems and a proposed com-
parison map. Its output is a selected evidential record rather than a complete description of the relevant
realities.

Represent a candidate reconstruction by § = (M, Mp, f, k), where M 4 and Mp are system mod-
els, f denotes an appropriately typed partial correspondence, and « records the regimes within which
predictions and translations are admissible. The symbol 6 names a candidate analytical construction;
it does not presume that each component is independently identifiable. Let © be a declared family of
candidates and D : © — £ a forward evidence map into a set of possible observational records. A target
comparison is represented by ¢ : © — V, where V may consist of truth values, numerical quantities,
or structured claims. For a realized record e, the compatible candidates form the identification set in
Equation 17.

O(e) ={0 €O :D(0) =e}. (17)

Equation 17 assumes a fixed forward map and exact observational agreement. Both assumptions will
be relaxed below. It immediately makes model selection assumptions visible: admissible configurations,
correspondence functions, action repertoires, sensor resolutions, and historical alternatives are selected
before the identification set can be calculated. A narrow © can create apparent certainty by excluding
mechanisms whose relevance has not been independently examined. An unrestricted © may prevent in-
formative conclusions because almost any finite record is compatible with many extensions. Responsible
reconstruction therefore reports both the data and the principled limits of the candidate family.

7.2 Identification of a Comparative Claim

The ability to identify a claim about a pair of systems is weaker than the ability to reconstruct either
system uniquely. Several models may disagree about hidden state descriptions while agreeing on the
question for which the comparison was designed. Conversely, the identification of an observable output
under one protocol can coexist with considerable uncertainty about behavior under another. The relevant
object of identification is accordingly ¢, rather than 6 in its entirety.

Definition 7.1 (Task-relative comparative identification). For a fixed evidence map D, atarget p : © —
V is identified at an evidence record e when ©(e) is nonempty and ¢ has a single value on ©(e). The
corresponding identified-value set is the image ¢[O(e)]. The target is globally identified relative to D
and © when it is constant on each nonempty fibre of D. Identification here is a logical property of the
stipulated family and evidence map; it is distinct from statistical estimation precision and from physical
validation of the model family.

A useful elementary characterization records the dependence of identification on observational dis-
tinctions.

Proposition 7.2 (Factorization criterion for identified comparisons). Let D : © — Eand ¢ : © — V be
functions. The target ¢ is constant on every fibre of D if and only if there exists a function vy : D[®] — V
satisfying Equation 18.
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p=1vYoD. (18)

Proof. If ¢ is constant on each fibre, define v)(e) as ¢(#) for any 6 satisfying D(f) = e. Constancy
makes this definition independent of the chosen representative, and Equation 18 follows. Conversely,
the factorization assigns the same -value to all candidates sharing a D-value. [J

Proposition 7.2 is a standard factorization observation. It should be read as a conceptual test rather
than as a new identification theorem. For a task-specific comparison to be recoverable from an obser-
vation record, the target may distinguish models only where the record itself distinguishes them. The
proposition also clarifies an important limit of structural mapping: even an exact formal correspondence
between stipulated models supplies an identified empirical comparison only when competing models
compatible with the evidence agree on the relevant mapped property. Reconstruction is thus constrained
by the observational partition of the candidate family.

In practice the target ¢ may be the truth of a selected generative capability, a relation of joint feasi-
bility, a numerical conservation quantity, or the availability of a history-sensitive continuation. These
claims can have different identification statuses under the same evidence. A recorded equality in output
rates can identify the comparison of those recorded rates while leaving the correspondence of underlying
mechanisms unresolved. This is one reason to document comparison tasks separately from the stronger
explanatory interpretations sometimes attached to their results.

7.3 Countermodels with Indistinguishable Observations

A finite example exposes the limits of passive observations. Suppose two systems A and B each have
an observable resting state 0 and an observable marker state 1. Under a routine action r, both remain at
0. Under a separately specified probe action u, a hidden generative rule may make the marker attainable.
The available data consist of repeated observations of 0 during executions of r, together with the fact
that the selected interface reports only 0 or 1.

Consider two deterministic candidate reconstructions. In model 0, system A reaches 1 after v and
system B remains at 0; in model #_, the assignments are reversed. Both reproduce the entire selected
routine record. Yet the comparative claim ¢ that “A admits the marker-generating probe and B does not”
istrue in f, and false in #_. Consequently, the observational fibre contains both truth values. The current
observations identify the shared routine behavior and leave the comparative probe claim unresolved.

This counterexample establishes a logical insufficiency: a common observational trace under a re-
stricted protocol gives no general entitlement to infer comparative capabilities under unobserved actions.
The example involves two fully specified deterministic models; introducing measurement noise or hid-
den histories would provide further sources of ambiguity. Conversely, an appropriately executed and
adequately measured probe u could distinguish the stated candidates, subject to the legitimacy and feasi-
bility of performing it. Whether a proposed probe is a permissible operation in a biological, institutional,
or social system is an independent matter of ethics and governance. The logical availability of an exper-
iment supplies neither an obligation nor an unrestricted authorization to conduct it.

The example also highlights the importance of cross-system interpretation. One might observe sym-
bols designated “0” and “1” on both interfaces while the markers refer to different kinds of event. The
comparison requires independent justification that the observable categories express the same target prop-
erty or a sufficiently specified translation of it. If the mapping itself is uncertain, several correspondence
assignments may remain compatible with the same token-level record. Section 3 gives the local map-
ping criteria; reconstruction analysis must now include uncertainty in the candidate maps as well as in
the systems they relate.

7.4 Alternative Mappings and Structural Underdetermination

A comparative model can fail to be identified even when the separate systems have been measured with
considerable precision. Suppose the first system distinguishes two generative events a; and ao, while
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the second reports only an aggregated event category b. Both correspondences f(a1) = band g(az) = b
may preserve all currently recorded single-event outputs. Their implications can diverge for a joint
prerequisite involving a; but excluding as. The available evidence can then identify a broad output
analogy while leaving the event-level translation underdetermined.

The mathematical source of this limitation is familiar: a many-to-one observation may retain se-
lected invariants while losing information about individual representatives. Section 3 already states an
exact relation-quotient criterion. The present point concerns inference about whether a proposed quotient
criterion actually holds for the world under investigation. Observed agreement on a subset of relation
instances leaves open the behavior of unseen instances. Testing the quotient requirement may therefore
demand additional joint-input experiments, independent measurement of hidden roles, or evidence that
the selected domain exhausts the relevant possibilities.

For some comparisons, a family of admissible partial correspondences is the appropriate result. This
family may contain mappings that preserve a numeric invariant while disagreeing about causal interpreta-
tion, or mappings that preserve local event sequences while failing to preserve a conservation constraint.
Where a translation requires selecting an interpretation of a human concept, the candidate family may
include contested semantic and institutional assumptions. A mathematically precise translation table can
be useful without making those assumptions disappear. Its validity needs to be evaluated within the
linguistic, practical, and evidential circumstances of the particular comparison.

The formal literature on latent-structure models provides an illuminating, bounded analogy. Iden-
tifiability of model parameters can depend on the number and arrangement of observed variables and
on specific independence assumptions [2]. That work establishes results for particular statistical model
families. It supports the general methodological lesson that additional observation channels and struc-
tural assumptions can change identifiability; it supplies no automatic identifiability theorem for G4’s
heterogeneous systems. For cross-system inquiry, the corresponding research obligation is to declare
the observation channels, their transformations, and the assumptions that connect their outputs.

7.5 Partial Identification under Incomplete Evidence

Exact identification is sometimes an unnecessarily strong objective. A comparison can be informative
when the evidence establishes a set of possible values, a one-sided bound, or a collection of claims shared
across competing models. Set-valued inference has an established methodological literature, particularly
in work on partial identification [21]. G4 uses this distinction in a task-relative manner: the investiga-
tor can state what remains true under every explicitly admissible reconstruction while recording which
alternatives remain open.

For a nonempty family ©(e) and a numeric target ¢ : © — R, define the interval enclosure in
Equation 19.

I(e) = inf ©(6), sup ¢(6)]. (19)
0O (e) 6cO(e)

Equation 19 allows extended endpoints when the admissible values are unbounded. The interval may
contain values unattained by any compatible model; the identified-value set ¢[O(e)] remains the sharper
object. An interval is appropriate only when an ordering and scale for the target have been justified. For
categorical or normative comparisons, the explicit set of admissible conclusions is more faithful than a
numerical surrogate.

A boolean comparative claim P admits two complementary assessments. It is warranted relative to
the candidate family when it holds under all € ©(e); it is possible relative to the family when it holds
under at least one such 6. Under these definitions a warranted claim is possible whenever the candidate
family is nonempty. A failed universal test leaves a claim unsettled until a countermodel is examined;
it does not establish a physically realized counterexample. Likewise, a model that permits an outcome
does not show that the outcome will occur in the investigated system.

Proposition 7.3 (Monotonic refinement of identified claims). Suppose evidence ¢’ refines evidence e
within the same target and candidate family, so that the nonempty compatibility sets satisfy ©(e’) C O (e).
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Then the identified-value set for any target ¢ cannot enlarge. Every boolean claim warranted under e
remains warranted under ¢, while every claim possible under ¢’ was already possible under e. For a
real-valued target, its lower bound can only increase and its upper bound can only decrease.

Proof. Inclusion of compatibility sets implies inclusion of their images under . Universal claims con-
tinue to hold on subsets, existentially satisfied claims on subsets were satisfied on the original set, and
the infimum and supremum inequalities follow from set inclusion. [J

The conclusion of Proposition 7.3 is conditional on a fixed, correctly specified family. Revising the
candidate assumptions, discovering an omitted mechanism, or correcting a mistranslation can enlarge
or replace the admissible set. Scientific learning can therefore invalidate an earlier warrant without
contradicting the proposition: the earlier and revised analyses differ in their model assumptions. This is
a reason to preserve a revision history for comparative claims rather than treating identified bounds as
permanent properties of an observed system.

7.6 Model-Family Sensitivity and Conditional Identification

Identification within a stipulated model family also depends on the adequacy of that family’s boundaries.
A diagnostic distinction is required between the arrival of new observations under a fixed family and
the admission of additional models under an unchanged record. The first operation can eliminate com-
patible candidates as described by Proposition 7.3; the second can restore possibilities that the original
analysis had excluded by assumption. The two operations have different inferential directions and re-
quire different kinds of justification. Manski’s treatment of partial identification provides an established
methodological point of reference for the dependence of identified conclusions on assumptions [21].

Consider nested families ©y C ©1, with the same evidence map D and target ¢ defined on the larger
family. For an observed record e, compatibility under the smaller family is the intersection Oq(e) =
©p N O1(e). Consequently the identified-value sets satisfy the inclusion in Equation 20.

¢[O0(e)] € p[O1(e)]. (20)

The inclusion is a direct set-theoretic consequence, conditional on a common target, common observation
rule, and nonempty compatible sets. It does not imply that the larger family is physically more accurate.
Its analytical role is to expose how an apparently exact conclusion may rest on excluding mechanisms
that remain observationally admissible.

For a finite example, take two candidate systems 6y and #; with the same routine observation
D(6y) = D(01) = e. Suppose a specified intervention produces the target outcomes ¢ (6p) = 1 and
©(#1) = 0. Under the declared family Oy = {6y}, the target is point-identified at the value 1. Under
©1 = {0, 01}, the identified-value set is {0, 1}. The observational record has remained unchanged; the
difference arises from an expanded space of admissible explanations. This example is constructed to
demonstrate logical sensitivity, rather than to estimate the frequency of omitted mechanisms in actual
research.

A practical sensitivity audit should therefore record at least one justified enlargement or alteration
of the candidate family, examine whether the comparison survives the added countermodels, and spec-
ify the substantive reasons for including or excluding each alternative. The family should be altered
through plausible mechanistic, historical, or interpretive alternatives, rather than arbitrary constructions
unrelated to the investigation. Where a purported invariant survives a sufficiently varied set of indepen-
dently justified candidates, the researcher can report that conditional robustness along with its remaining
limits. Where its value changes, the comparison remains appropriately bounded by the narrower set of
assumptions.

The distinction is especially important when researchers compare systems that disclose different
kinds of evidence. Richer documentation in one system may reveal alternatives that remain hidden in an-
other. Such asymmetry should enter the record as a difference in evidential coverage, while the intended
comparative property remains specified separately. Section 11 incorporates model-family sensitivity into
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the proposed evaluation procedure; a claim identified in a convenient reconstruction family should not
be mistaken for a conclusion guaranteed by the observed systems themselves.

7.7 Uncertainty in Observation and Model Adequacy

Finite resolution, missing observations, and noise complicate the evidence map . A deterministic
equality criterion may falsely exclude models because a measured value differs slightly from its idealized
prediction. One response is to specify a set of admissible observed records for each model. Let D(6) C
& contain the records permitted by the model and its declared error conventions. Compatibility then
means e € D(6). Equivalently, a numeric observation y and model prediction g(6) can be related by
a declared tolerance, a stochastic measurement model, or an explicit uncertainty set. These alternatives
serve different scientific purposes and should be chosen on substantive grounds.

An error tolerance alone does not identify the correct mechanism. If two models yield predictions
within the tolerance for the available observations, the comparison can remain underidentified. Bayesian
weighting can assign relative plausibilities to models, but posterior conclusions depend on likelihoods
and prior choices. Frequentist uncertainty statements depend on sampling and coverage assumptions. Set
identification deliberately separates these modeling commitments from the logical range of conclusions
compatible with stated evidence. Each approach can be appropriate for a different question, and their
inferential outputs should be reported under their own assumptions rather than translated into a single
undifferentiated label of confidence.

The distinction between structural and practical identifiability is also relevant. A parameter may
be identifiable from idealized, unlimited observations of a correctly specified model yet remain poorly
constrained by the available finite, noisy sample. Conversely, reliable prediction of a selected observable
can be possible despite nonidentification of latent mechanisms. Statistical inverse-problem methodology
provides established techniques for examining these difficulties [18]. G4 requires the investigator to state
which kind of inferential object is being assessed: an observable comparison, an effective predictive
model, or an explanatory claim about hidden generative conditions.

These distinctions prevent a further category error involving semantic comparison. Some uncertain-
ties concern missing facts about a system; others concern whether different communities or theories are
using the same categories at all. Collecting more data under an unchanged instrument can reduce the
former while leaving the latter intact. A redesigned comparative protocol may require negotiation of
concepts, independent translation checks, or separate reporting of incompatible but internally coherent
interpretations. Those practices are developed philosophically in the next section and require their own
forms of evidential accountability.

7.8 Discriminating Designs and Comparative Research Practice

A useful reconstruction programme should connect its admitted uncertainty to possible discriminating
evidence. For any target comparison ¢, identify two compatible models that yield different values. Then
ask which permissible observation or intervention, if any, would yield different predicted records under
those models. A fully discriminating test for a finite model family would separate every pair of candidates
that disagree on (. In actual research, observation distributions can overlap, actions can alter the systems,
access may be restricted, and the candidate family can be incomplete. The design target should therefore
be a stated reduction in comparative ambiguity under a transparent protocol, with failure to distinguish
models retained as an informative outcome.

The task can be organized into a sequence of explicit decisions. The researcher identifies the compar-
ative claim, the supported domains, the observation or intervention repertoire, and the allowable model
families. Proposed translations between descriptions are recorded as candidate maps. Each model is
checked for compatibility with existing evidence. The analyst then reports identified claims, possible
alternatives, and countermodels. Further data collection is prioritized according to its expected capac-
ity to discriminate materially different conclusions, subject to consent, safety, resource feasibility, and
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Table 6: Diagnostic distinctions for assessing reconstruction and identification across heterogeneous
systems.

Source of ambiguity Evidence requirement and warranted reporting practice

Restricted action set State the observed interventions; retain countermodels differing under un-
observed admissible actions

Measurement coarsening Record resolution and aggregation; assess whether relevant transformations
or prerequisites survive observation

Alternative correspondence Declare candidate mappings and tests of preserved or reflected relations

Historical omission Compare alternative formation histories and the selected continuations they
permit

Latent dynamics Distinguish identifiable outputs from unidentifiable parameters or mecha-
nisms

Noise and finite samples Specify error models, tolerances, sample support, and sensitivity to model-
ing assumptions

Model-family choice Record excluded mechanisms, assumptions, and the effects of expanding
the family

Discriminating observations Identify ethically permissible tests that predict different records under com-

peting conclusions

institutional authorization. These steps constitute a provisional research workflow, not an empirically
validated universal comparison procedure.

Table 6 separates the principal sources of underidentification and their appropriate evidential re-
sponses. The table is deliberately diagnostic: it cannot substitute for domain-specific measurement
theory, historical scholarship, or causal research design.

The diagnostics in Table 6 also constrain claims about invariance. A property common to all mod-
els supported by a bounded observational record is invariant within that candidate family; whether it
is invariant in the investigated systems requires further justification of the family, measurement pro-
cedures, and cross-system mappings. Formal identification, evidential confidence, causal explanation,
and ontological interpretation can therefore be evaluated separately, even when they concern the same
comparison.

A heterogeneous comparison can remain scientifically productive while its central claims are only
partially identified. Reporting compatible alternatives makes visible what existing evidence can sustain
and where additional measurement, intervention, interpretive work, or conceptual revision may matter.
The next section turns to reciprocal interpretation, where comparative categories themselves can be trans-
formed through interaction among differently situated participants.

8 Reciprocal Interpretation and Epistemic Translation

The comparison of heterogeneous generative systems may involve participants who classify events, ar-
ticulate evidence, and revise categories through interaction. Such encounters introduce an interpretive
dimension beyond the correspondence of preassigned structures examined in Sections 3-7. The objec-
tive of this section is to explain how a comparative relation can be jointly articulated when the categories
used to identify its terms are themselves open to negotiation. The discussion distinguishes linguistic
interpretation, operational translation, reciprocal testing, and institutional authority; it then gives two de-
liberately limited formal criteria for evaluating selected translations and develops an evidence protocol
for maintaining productive disagreement. The method is philosophical and comparative, with elemen-
tary mathematics used to delimit particular claims of preservation. Neither convergence of vocabularies
nor agreement between interlocutors is assumed in advance.

Interpretation is a relation among situated inquirers and their environments, mediated by practices
of reference, inference, action, and evaluation. A scientific instrument, a legal institution, a software
agent, a biological community, and a human interlocutor can each participate in an inquiry in different
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capacities. Some provide records or undergo interventions; others can articulate, criticize, or autho-
rize interpretations. The word reciprocal applies most directly where both sides can answer, correct, or
revise a proposal through some accessible channel. For other cases, the investigator may pursue a care-
fully qualified analogue through repeated observations, alternative models, and independent criticism.
A functioning interface alone supplies insufficient grounds for attributing reciprocal understanding, con-
sciousness, consent, or moral agency.

8.1 Interpretive Coordinates and Situated Meaning

A comparison requires decisions about the units that are being compared. These may be words, gestures,
measurement categories, state descriptions, action types, or relations between events. For an interlocutor
embedded in a particular practice, the significance of a term may depend on characteristic uses and on the
consequences of accepting or rejecting its application. A second interlocutor may distinguish a different
set of cases, even where familiar words or the same symbols are used. For example, a laboratory’s
category of successful output may be defined by an assay threshold; a clinical service may also require
reproducibility, patient benefit, and acceptable risk. The resulting classifications can overlap extensively
while answering different questions.

Davidson’s account of radical interpretation locates interpretation within the joint problem of attribut-
ing meaning and belief, while criticizing the idea of wholly insulated conceptual schemes [7]. Discus-
sion of scientific incommensurability, by contrast, highlights cases in which historical or disciplinary
taxonomies resist complete lexical substitution; a qualified comparison can remain possible through
learning and situated reconstruction [24]. The present inquiry treats these as distinct philosophical con-
tributions. It does not infer from their disagreement either a universal translation mechanism or the
impossibility of communication across heterogeneous systems.

A useful comparative record therefore specifies at least four coordinates: the source practice in which
an expression operates; the target practice in which its proposed counterpart operates; a declared question
motivating the comparison; and the occasions on which participants or observers can challenge its appli-
cation. Two labels may remain aligned across a small repertoire of actions and diverge under unfamiliar
circumstances. The scope of the repertoire is part of the warrant for comparison, rather than an incidental
limitation of notation. Section 7 addressed the identification of a target from a fixed observational record.
Here the observational categories themselves may be revised during inquiry, changing the target and the
admissible reconstruction family together.

8.2 Negotiation of Comparative Categories

Category negotiation occurs when participants examine the extension, permissible inferences, and conse-
quences of using an expression as a counterpart of another. Consider a coastal monitoring collaboration
in which an engineering team treats an area as accessible whenever an instrument can physically reach
it, while local stewards distinguish physical reachability from an authorized opportunity to enter. Both
descriptions may be accurate within their institutional settings. For the cooperative question of whether
a sampling operation should proceed, the term requires an agreed operational interpretation that specifies
the physical and authorization conditions separately. The example illustrates a possible analytical situa-
tion; it is neither a report of an observed community nor a claim that its participants hold any particular
beliefs.

Negotiation may proceed through examples, counterexamples, demonstrations, revised measurement
procedures, and records of disagreement. Parties can identify a common operational domain without re-
placing their complete conceptual schemes. A stable result might be a carefully delimited translation
table, an annotated decision rule, a set of matched observations, or the decision to retain two terms
and describe their relation explicitly. The success criterion depends on the inquiry: faithful descrip-
tion, prediction, coordination, or an ethically accountable decision can impose different demands on the
translation.
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A temporary comparative vocabulary can be useful when its revision conditions are recorded. Its cat-
egories should identify the episodes used in construction, the kinds of new cases likely to challenge them,
and the parties who can request correction. Such a vocabulary is best understood as an accountable work-
ing interface. It is neither a final common language nor evidence that all significant disagreements have
been resolved. The provisional character of categories is compatible with precise local specifications
and reproducible tests.

8.3 Reciprocal Partial Maps and Round-Trip Adequacy

The partial mappings of Section 3 can be enriched by allowing a proposed translation to be checked in
both directions. Let S 4 and Sp be sets of selected expressions, classifications, or operational descriptions.
Let D4 C S4 and D C Sp be comparison domains. A partial map f : D4 — Dp carries selected
terms of practice A into practice B, and g is defined on a domain including f[D 4] with values in Sy.
Equivalence relations ~ 4 and ~ g express task-relevant, independently specified agreements of use; they
need not encode identity of intrinsic meaning. Equation 21 records an optional round-trip condition.

g(f(a)) ~aa  (a € Da). (21)

Equation 21 requires more than a shared label, since the returned interpretation must satisfy the
declared comparison relation in the source practice. Yet the test is local: the map may be undefined on
expressions outside D 4, and the relation ~ 4 may disregard distinctions that become decisive for another
task. For example, two assay outcomes may be equivalent for initial screening and distinct for treatment
selection. Reciprocal adequacy must therefore record both its domain and the particular equivalence
criteria used to judge a successful return.

Proposition 8.1 (Restricted discrimination from reciprocal translation). Suppose f : D4 — Dp respects
~4 and ~p on its declared domain, and g : f[D4] — Sa respects ~p and ~ 4 on the image of f. If
Equation 21 holds for every a € D 4, then f reflects equivalence on D 4: whenever f(a) ~p f(a’), one
has a ~4 a'. Consequently, f induces an injective map between the corresponding classes in D 4/ ~ 4
and Dp/ ~p. It need not be surjective onto all target equivalence classes and therefore establishes
neither a global inverse nor equivalence of complete semantic systems.

Proof. If f(a) ~p f(a’), preservation by g yields g(f(a)) ~4 g(f(a’)). The two round-trip conditions
yielda ~4 g(f(a)) and g(f(a")) ~4 o'. Transitivity proves a ~ 4 a’. Preservation by f makes the map
on classes well-defined; reflection makes it injective. O

Proposition 8.1 is an elementary fact about equivalence relations and partial functions. Its use in the
present inquiry is diagnostic: a reciprocal test can detect the collapse of distinctions that the source prac-
tice regards as relevant. The result supplies neither surjectivity onto all target categories nor a guarantee
that source and target equivalences capture the same historical experience. Successful round-trip perfor-
mance can also depend on negotiated labels that already discard a disputed distinction. If the domain
is repeatedly reduced to cases on which agreement is easiest, apparent translation success may become
increasingly uninformative for the original question.

8.4 Shared Probes and Task-Relative Preservation

Some comparisons can be assessed through a finite or otherwise specified family of joint probes. A
probe may be a controlled physical intervention, a classificatory vignette, a request for an explanation,
or an agreed calculation. Its interpretation includes an input protocol, a record of the response, and a
rule for evaluating that response. Agreement on a numerical display is insufficient if two instruments
use incompatible units, calibration procedures, or operating conditions. In human communication, the
interpretive task may also require recording why different respondents regard a probe as relevant.

Let 7" be a declared collection of probes and let W; be a calibrated outcome space for each ¢t € T
Fori € {A, B}, a selected signature map o; associates each admissible description with its probe results
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in W = [[,c; Wi. Whenever an outcome is inaccessible or uncertain, this status should be represented
explicitly; the following elementary proposition assumes well-defined exact signatures. A target result
h; may be factored through these signatures when the chosen task depends only on the declared probes.

Proposition 8.2 (Preservation of probe-factorable comparisons). Let f : D4 — Dp be a partial com-
parison,andletc4 : Dy — W and op : Dp — W be signatures for a shared calibrated probe family.
Suppose op o f = 04 on D 4. If a selected comparison result is represented by hy = H o o4 and
hp = H oop for thesame H : W — V, then hp(f(a)) = ha(a) for every a € D 4.

Proof. For a € D 4, substitution gives hp(f(a)) = H(op(f(a))) = H(oca(a)) = ha(a). O

Proposition 8.2 is a direct factorization identity. It guarantees preservation only for results that gen-
uinely factor through the shared signature, subject to the accuracy of the observational and calibration
assumptions. It gives a precise account of why local success can be useful: investigators may agree on
the response to a clinically or technically relevant set of tests without having equivalent theories of the
system. Conversely, a previously untested outcome may distinguish systems with identical established
signatures.

A finite illustration makes the boundary visible. Suppose two control systems yield the same re-
sponse under a readiness check and an initial action probe. One system can repeat the action after con-
suming a resource, while the other requires replenishment. A proposed equivalence based only on the
first two probes is warranted for the specified short operation. It provides inadequate evidence for re-
peated operation. This is a constructed counterexample, rather than a finding about any deployed system.
Its significance is methodological: a record of agreement should travel with the class of questions for
which agreement has been established. Extending that record to a new class requires additional probes,
assumptions, or both.

8.5 Divergent Epistemic Standards and Disagreement

Reciprocal interpretation can be sustained without an immediate agreement about how a disputed claim
should be evaluated. Different practices may attach different weights to replication, testimony, histori-
cal experience, predictive accuracy, institutional authorization, or direct intervention. Their differences
sometimes concern the quality of evidence available, sometimes the relevance of that evidence to a cho-
sen conclusion, and sometimes the stakes attached to possible error. These distinctions are important for
deciding what a comparative inquiry can reasonably settle.

Longino’s account of scientific knowledge identifies social interaction and the role of values in the
relevance assigned to evidence as central problems of scientific objectivity [19]. Within G4, this supports
attention to how evidential standards are made explicit and rendered open to criticism. It does not en-
tail that any negotiated convention thereby counts as scientifically adequate. Agreements that suppress
counterevidence, disregard measurement uncertainty, or make criticism practically impossible would
still require independent assessment. Equally, a well-designed technical probe may answer a narrow
predictive question while leaving an ethical or historical dispute unresolved.

An interpretive encounter can therefore produce several legitimate outcomes. Participants may adopt
one jointly calibrated category, maintain parallel classifications with a stated translation relation, agree
on which new evidence would settle a question, or record a principled disagreement. The status of an
unresolved category matters. Treating silence as assent or converting an unanswered question into an
affirmative classification can change the evidential meaning of a record. The comparative archive should
distinguish a proposed translation, an endorsed translation, a contested translation, and a translation
awaiting decisive evidence.

The possibility of disagreement also motivates a distinction between understanding a claim and
accepting it. An investigator may understand another participant’s criteria sufficiently to predict their
classifications while rejecting the relevance of those criteria for the shared task. Conversely, an insti-
tution may formally accept a translated classification while lacking the evidence needed to understand
the practice that gave it meaning. Reciprocal interpretation benefits from recording these differences
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rather than compressing them into a binary measure of agreement. This approach preserves space for
alternative theories and respects Section 7’s emphasis on rival admissible reconstructions.

8.6 Interpretive Authority and Unequal Participation

The distribution of interpretive authority affects which categories enter a comparative record and whose
objections produce revisions. In a research collaboration, access to instruments, the ability to publish or
archive records, control of translation interfaces, and authority to define standards of validation can be un-
evenly allocated. An apparently reciprocal exchange may take place inside an institution that recognizes
the questions of one party and classifies the other’s contributions solely as data. Formal opportunities to
offer corrections may consequently differ from effective opportunities to influence the working vocabu-
lary.

Fricker’s analysis of epistemic injustice describes ways in which credibility deficits and shared in-
terpretive resources can be shaped by social power [12]. G4 uses this literature as a reason to examine
the conditions of interpretive participation, while retaining its separate analytical object: the warrant for
a cross-system comparison. Concepts developed to describe injustice among human knowers should be
transferred cautiously to artificial or other nonhuman systems. A system’s production of legible outputs
does not by itself establish the kind of social standing or experience presupposed by those normative the-
ories. The possibility of unequal treatment of human participants, by contrast, can be assessed through
concrete procedural and institutional evidence.

The normative issue has an epistemic counterpart. If one party controls the available probe family,
the translation may preserve exactly the distinctions favored by that party. Repeated success under those
probes may then be mistaken for an independently established common ontology. A more credible pro-
cedure specifies who selected the probes, the alternatives that were excluded, the costs of answering, and
whether an affected participant can challenge a category or request additional evidence. These considera-
tions anticipate Section 10’s planned examination of authority over comparative categories. The present
section focuses on their role in maintaining a usable and revisable translation.

Reciprocity should also be evaluated in relation to material conditions. A participant may be able
to formulate a correction yet lack time, resources, access, or a safe opportunity to have it considered.
An accessible review procedure and a recorded response to criticism are therefore relevant evidence
for the claimed reciprocity of a comparative process. They are neither sufficient for broader justice
nor substitutes for subject-matter expertise. Their value lies in making the production of categories
inspectable and allowing disagreements to remain visible in the institutional record.

8.7 Comparative Episodes and an Evaluation Protocol

A reciprocal translation can be documented as a series of bounded comparative episodes. Each episode
has an initiating question, a declared scope of expressions or actions, a proposal for correspondence, a
selected probe family, and records of responses and corrections. Episodes need not share a universal clock
or a single interpretation of temporal sequence. When events are reconstructed across different records,
the relevant ordering assumptions and admissible synchronizations should be stated. This permits the
inquiry to include historical documents, physical measurements, and contemporary dialogue without
treating them as interchangeable kinds of evidence.

Table 7 presents a provisional evaluation protocol. It combines formal and interpretive criteria while
specifying the consequence of a failure in a limited test. The table is intended for comparative case design,
not as a validated scoring instrument. Each item may be operationalized differently across disciplines,
and some kinds of cases do not permit direct reciprocity or deliberate probing.

Consider a hypothetical interorganizational monitoring project in which two institutions both report
a parameter called recovery. One uses the expression for return of an instrument to a specified operating
range; the other uses it for restoration of a living system’s functions following disturbance. A translation
that equates the labels can support a very limited comparison of operational records if both sides identify
the associated measurements. It cannot, on that basis, establish equivalence of ecological recovery and
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Table 7: Evidence and revision conditions for reciprocal epistemic translation.

Comparative element Evidence to retain Interpretive consequence

Declared translation Source uses, target uses, excluded cases Limits the reach of a correspondence

domain claim

Calibration and probes Operating conditions, units, failed and Identifies the selected results that may
successful tests transfer

Round-trip correction Participants’ proposed translations and Reveals distinctions lost under a partial
returned interpretations map

Alternative categories Rejected proposals, unresolved terms, Preserves live explanatory and semantic
counterexamples rivals

Participation and Access to challenges, decision Qualifies claims of reciprocal agreement

authority procedures, recorded replies

Revision triggers New cases, altered regimes, changed Specifies when a comparison requires
institutional permissions re-examination

equipment readiness. A more careful episode would preserve both local definitions and introduce a
jointly specified statement about which measurements can be compared, for which research purpose,
and with what uncertainty.

A different hypothetical case involves dialogue between two professional groups who make in-
compatible judgments about an Al-assisted clinical recommendation. One evaluates model calibration
against a retrospective dataset; the other evaluates the feasibility of acting on the recommendation in a
particular service setting. Their disagreement may persist even when they agree on the numerical predic-
tion. The relevant cross-system inquiry concerns whether the criterion of successful action can be related
to predictive performance under explicitly specified institutional conditions. The answer may involve
additional implementation evidence rather than a single translation of the word success. The example is
illustrative and entails no recommendation for clinical deployment.

A useful evaluation record would expose both local standards and record how they influence the infer-
ences drawn from shared observations. The procedure would also identify evidence that could invalidate
the translation: a new case outside the original domain, an outcome dependent on a previously ignored
resource, a disputed calibration, or a correction that changes the operative category. This makes interpre-
tive success assessable as a bounded achievement, with pathways to further inquiry. It also avoids the
inference that a negotiated category acquires general legitimacy solely because an exchange produced
agreement.

8.8 Continuity of Comparison under Interpretive Revision

The formation of a comparative category changes the conditions for subsequent comparison. When a new
distinction is introduced, the permissible correspondences between the two systems can be refined, but
the relevant domains and target questions may change as well. As Section 7 showed for a fixed model
family, adding evidence can shrink the set of candidate reconstructions. In reciprocal interpretation,
category formation can also create new questions or new descriptions, so successive stages need not
be related by simple set inclusion. An audit trail should record both the informational revision and the
change in the object being compared.

This suggests a restrained account of interpretive continuity. An inquiry can remain continuous
through disagreement when participants retain an accessible record of prior criteria, can explain revisions,
and can identify what survives from earlier results. Continuity may attach to a practice of criticism and
correction even where a particular translation is abandoned. The research programme can study such
continuity without assuming that the parties converge toward a single fixed vocabulary, share identical
values, or occupy equal institutional positions.

Section 8 has therefore supplied two modest formal criteria and a broader philosophical discipline
for reciprocal interpretation. Round-trip conditions can protect selected distinctions against collapse,
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while calibrated probes can preserve claims that genuinely factor through shared evidence. Both results
are restricted by their domains and assumptions. The interpretation of what counts as a suitable domain,
relevant equivalence, or admissible probe remains an object of situated inquiry and contestation. Section
9 will use this framework in comparative case designs involving natural and artificial systems; Section
10 will examine the institutional authority through which comparative categories are established and
revised.

9 Comparative Cases across Natural and Artificial Systems

The formal distinctions developed in the preceding sections acquire methodological significance when
an actual comparison requires choices about measurement, intervention, and inference. This section con-
structs four bounded comparative exercises involving synthetic biological regulation and computation,
ecological food webs and material flow, multilingual grammatical annotation, and the reconstruction of
histories and shared constraints. Its objective is to identify what selected correspondences can warrant
in each setting, which competing explanations remain available, and what evidence would distinguish
them. The cases are research designs anchored in published studies and publicly described infrastruc-
tures. They constitute neither a reanalysis of those sources’ data nor empirical confirmation of a common
generative ontology. The discussion proceeds by specifying the task, recording the admissible transfor-
mation and its potential remainder, and identifying a discriminating observation or intervention. A final
protocol translates those choices into a reproducible comparative record.

9.1 Selection of Cases and Evidential Status

A cross-domain comparison is informative when it puts a proposed correspondence under pressure.
Choosing examples solely because their diagrams appear similar would favor a result before the com-
parison begins. The cases considered here were selected to separate kinds of evidence that can coincide
superficially: recurring output patterns, graph connectivity, annotation labels, and identical present ob-
servations. Each also offers a plausible established specialist baseline against which G4’s proposed
cross-relational account can be assessed. A successful specialist explanation is treated as a substantive
result, even if the G4 vocabulary adds no predictive improvement.

Three evidential levels will be maintained. Documented source systems are the published experi-
mental, ecological, or linguistic projects identified by citations. Constructed comparison models are
simplified mathematical or interpretive objects introduced here to expose a distinction. Proposed em-
pirical tests identify data and procedures that would be required to evaluate a claim of preservation.
Source-level documentation may establish that a scientific object exists and clarify how it has been in-
vestigated; it does not establish the proposed cross-system comparison. Likewise, a correct result for a
toy transition system supplies a counterexample or conditional illustration under its assumptions, with
any physical interpretation requiring independent work.

A comparative case should specify at least an object or population of objects, a research question,
a pair of admissible descriptions, the scope of a proposed mapping, the observation procedure, and the
outcome that would count as a failed comparison. The proposal to use this record is organizational:
it follows the task-relative comparative adequacy of Section 2, the partial relations of Section 3, and
the identifiability restrictions of Section 7. It supplies no universal measure through which biological,
ecological, linguistic, and computational phenomena can be ranked.

9.2 Synthetic Regulatory Oscillations and Computational Cycles

Elowitz and Leibler reported the construction of a synthetic genetic circuit of three transcriptional repres-
sors in Escherichia coli, termed the repressilator, with a fluorescent reporter used to observe oscillatory
behavior [9]. This experimental achievement furnishes a concrete biological setting in which a cyclic
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organization of influences and a recurring observable output are both relevant. A corresponding com-
putational object might be a cyclic finite-state controller whose internal states succeed one another in a
fixed order. Each system admits a schematic directed cycle. Such a diagram is an explicitly selected
abstraction of regulatory influence in the biological case and an operational transition representation in
the computational case. The different meanings of an edge are part of the comparison itself.

A preliminary mapping might associate three coarse regulatory phases with three controller states.
The task could ask whether the chosen diagram preserves the existence of a directed cycle under an agreed
assignment of coarse phases. With a precisely specified finite-state abstraction, a graph isomorphism can
answer that limited question. Stronger questions concern residence-time distributions, sensitivity to per-
turbations, stochastic variability, and the response of the system after an interruption. These require
further information about kinetic laws, measurement thresholds, and the correspondence between bio-
logical and computational states. The biological observations summarized in the published report do not
themselves establish such a mapping or numerical equivalence to a finite-state controller.

A particularly simple constructed countermodel clarifies the issue. Consider two continuous-time
processes on an identical directed three-state cycle, where the only permitted transition from each state
has rate A > 0. The support graph is the same for all positive rates. If 7 denotes the time to the next
transition, the stipulated exponential waiting-time model gives Equation 22.

11r(7‘ > t) = exp(—At), t>0. (22)

The right-hand side of Equation 22 differs between rates even though reachability on the three states
remains unchanged. For example, at ¢ = 1 it is approximately 0.368 for A = 1 and 0.050 for A = 3.
These are exact predictions of the stipulated toy process, not measurements of the repressilator. The
example supplies a falsifiable distinction between a graph-level comparison and a kinetic comparison.

A stronger study would pair actual fluorescence time-series measurements with a separately docu-
mented computational implementation, then prespecify an observation map and matched perturbations.
It would record sampling interval, reporter delay, measurement noise, culture and operating conditions,
phase-assignment rules, controller timing, and test-set separation. Period estimates alone could be an
inadequate target if differences in fluctuation statistics or post-perturbation recovery are relevant to the
scientific question. A graph correspondence could survive a failed kinetic comparison; the failed com-
parison would restrict its warrant to topology. Conversely, matching sampled time series over a short
observation window could coexist with different latent regulatory or computational mechanisms, as the
underidentification analysis of Section 7 anticipates.

A meaningful negative control would use a controller or biological abstraction with a similar output
period but a different permitted state transition or recovery mechanism. If the declared translation still
classifies this control as equivalent for the task of predicting recovery, the proposed categories are insuffi-
ciently discriminating. This requires holding constant the evaluation target while altering the mechanism,
rather than retrospectively choosing a convenient similarity metric. The interpretive remainder includes
cellular metabolism, molecular regulation, implementation-specific hardware and code, and the distinct
experimental interventions available in the two systems. Neither a common diagram nor equal oscillation
periods settles those differences.

9.3 Ecological Food Webs and Resource-Flow Models

Ecological networks make visible another ambiguity of structural correspondence. Food-web diagrams
represent feeding relations among selected ecological entities, yet graph edges can be assembled under
varying sampling and taxonomic decisions. Dunne, Williams, and Martinez examined network properties
across sixteen food webs and showed the importance of connectance and web size in interpreting their
topology [8]. That empirical analysis motivates care in transferring claims based on degrees, path lengths,
or other graph signatures. The present section makes no new estimate of food-web structure from their
datasets.
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A contrasting artificial system might be a resource-flow network in which material inputs are trans-
formed into outputs by specified production rules. Both descriptions may be represented as directed net-
works. A proposed correspondence could relate ecological feeding connections to technological input
dependencies. For the restricted task of comparing topological reachability, a carefully defined edge-to-
edge mapping may preserve selected paths. The respective edges nevertheless encode different kinds of
evidence and production constraints. An observed feeding relation need not specify the quantity, timing,
or nutrient composition of the transfer; an engineering input specification may require precisely those
quantities before a transformation is feasible.

The material comparison therefore needs an inventory or flux description alongside the directed
graph. In ecological work this may involve biomass, energy or nutrient flow, feeding rates, turnover, and
conditions of renewal. In an engineered resource process it may involve stoichiometric coefficients, finite
stocks, waste flows, and constraints on simultaneous production. A hypothetical network with a single
consumable resource enabling two alternative production branches illustrates the limitation of counting
possible paths: each branch can be individually accessible while their simultaneous products remain
infeasible. Section 5 establishes the relevant one-round resource-reservation criterion. The present case
asks how an actual investigator would identify the material constraints needed to apply it, rather than
restating the criterion as a new result.

Ecological comparison additionally raises questions of disturbance, persistence, and regeneration.
Holling’s influential discussion of resilience and stability identifies a historical research tradition con-
cerned with the behavior of ecological systems under change [17]. The bibliographic reference moti-
vates the distinction here; the present paper does not attribute any newly calculated resilience index or
universal mechanism to that work. A claim that two ecological or technical networks have comparable
resistance or recovery properties would require a specified disturbance, an admissible family of response
trajectories, a definition of continued operation, and an observation horizon. The terms resilience, effi-
ciency, and stability should retain their study-specific operational meanings.

An empirical design could select two well-characterized networks with similar connectivity statis-
tics, then estimate relevant quantities under matched, physically feasible perturbations. The alternative
explanations would include unobserved trophic interactions, missing resource stocks, distinct renewal
rates, and inconsistent taxonomic or functional aggregation. The comparison should be repeated at more
than one grouping resolution where data permit, since an apparent invariant may depend on the choice
of species groups, process units, or boundary conditions. Preservation of a selected network statistic
would count as a limited topological finding. Persistence of material fluxes and response capacities
would require additional tests with quantified uncertainties. Possible ethical constraints on ecological
interventions are themselves part of the admissible experimental design.

9.4 Grammatical Annotation and Artificial Parsing Systems

Linguistic comparison is mediated by representational decisions that can be unusually visible in the data.
Universal Dependencies (UD) provides a community-developed framework for cross-linguistically con-
sistent annotation of word segmentation, morphological properties, and syntactic dependency relations.
The UD v2 resource description explicitly discusses the annotation scheme and its multilingual tree-
banks [23]. This supplies a documented example of partial standardization across languages rather than
evidence that grammars are interchangeable or that the chosen labels exhaust the structure of natural
language.

Consider a comparison between a human-annotated corpus in one language and the output of a com-
putational dependency parser applied to another. At one level, the two representations can be mapped to
a shared family of dependency labels. At another level, segmentation policies, morphological categories,
construction frequencies, attachment conventions, and the sources of annotation disagreement may differ.
A label-preserving correspondence can be useful for evaluating a selected annotation task; its validity
depends on whether the label has sufficiently comparable operational content in the constructions under
study. The same written label may cover different distributions of constructions, and a different label
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need not by itself imply a different generative capacity.

The comparative task should therefore name its target. If the target is agreement with a held-out,
consistently annotated evaluation corpus, relevant evidence may include per-construction error rates,
inter-annotator agreement, sampling composition, and parser uncertainty. If the target is the generative
organization of grammatical expressions, additional evidence from language use, structural alternations,
or explicit grammatical hypotheses may be necessary. Annotation accuracy is then a measurement of
performance on a particular representational convention, with its relationship to linguistic explanation
remaining a substantive question.

An appropriate case design would fix versions of the annotation guidelines and record deviations and
language-specific extensions, then compare the consequences of alternate segmentations or attachment
conventions for the selected research task. The record would distinguish changes to the objects being
annotated from changes to the underlying data, model, or linguistic hypothesis. A deliberately chosen
negative control might swap a set of labels while leaving the tree shape unchanged. A topology-only
comparison would classify the resulting graphs as structurally similar, while a task requiring interpreta-
tion of grammatical relations would detect the displaced distinctions. The failure is informative because
it identifies exactly which aspect of the representation was required for the intended inference.

This example also exposes institutional dimensions of epistemic translation. Annotators, corpus
maintainers, and language communities may have different opportunities to define categories and correct
conventions. Their roles cannot be inferred from a treebank alone. The case study should document
how corrections are proposed and resolved, especially when annotation resources differ sharply among
languages. Section 8 provides the narrower account of negotiated translation relevant here; Section 10
will separately investigate institutional authority over shared comparative categories. The grammar case
remains an empirical research proposal: no cross-language scoring or direct corpus analysis has been
carried out for the present manuscript.

9.5 Provenance, Joint Feasibility, and Cross-Case Residuals

The preceding cases allow a common methodological comparison without assimilating their subject mat-
ters. A cyclic pattern in genetic regulation and computation, a directed relation in food webs and pro-
duction systems, and a dependency graph in linguistic annotation are describable through graph-like
structures. The respective relation types, state spaces, observation interfaces, and interventions nonethe-
less differ. The appropriate comparison may preserve a graph property while leaving other structures
outside the translation domain. Documenting those remainders is part of a successful scientific result,
because they delimit the claims supported by the chosen correspondence.

Historical provenance supplies a further discriminating factor. A current output might be produced
by a biological regulatory network with one developmental and material history or by a controller with a
different implementation and tuning history. Identical current food-web topology may coexist with dif-
fering disturbance histories and ecological stocks. Similar annotation graphs may arise through different
annotation conventions or computational training procedures. In each setting, the empirical question is
whether historical differences alter the target prediction or explanation. As Section 6 established under
its formal assumptions, histories sharing a present description preserve selected continuations only when
the relevant successor correspondence is maintained. The empirical task is to determine whether the
observation state is sufficiently informative for that condition to be plausible.

The cases also reveal why joint generative feasibility requires domain-specific models. Multiple
regulatory activities can compete for molecular resources; ecological processes share material stocks and
affect their replenishment; a parser can share computational memory and processing resources among
tasks. A common mathematical language for constraints may support comparison, yet the relevant units,
conservation rules, and mechanisms must be supplied by specialist investigation. The researcher should
avoid treating these examples as evidence that all resource relations instantiate one privileged ontology.
An alternative interpretation may hold that the shared constraint language is instrumentally useful while
its domain-specific meanings remain irreducible.
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Cross-case residuals can be specified prospectively. A case record may identify unrepresented phys-
ical degrees of freedom, unmeasured historical variables, interpretive categories without stable equiva-
lents, or institutional exclusions from the design of the comparison. If a candidate mapping performs
satisfactorily for its declared task, its residuals remain visible as limitations of scope. If it fails, the inves-
tigator can ask whether the failure arose from a defective correspondence, an incompatible experimental
regime, an inadequate measurement, or an erroneous expectation of preservation. These alternatives
require distinct revisions and should therefore be recorded separately.

9.6 Discriminating Tests and Specialist Baselines

The evaluation of G4 requires comparisons against established approaches on identical evidential tasks.
For the biological and computational case, state-space modeling, dynamical systems, and stochastic pro-
cess analysis are the specialist baselines. For ecological material flows, network analysis, ecological
modeling, and mass- or energy-balance descriptions are relevant. For linguistic annotation, corpus lin-
guistics and parser evaluation already provide task-specific standards. The G4 framework should be
considered successful only if its combined record clarifies a previously obscure warrant, reveals a trans-
fer that specialist comparison would otherwise leave implicit, or improves the specification of a test. The
present paper has yet to demonstrate any such comparative performance advantage.

A discriminating design begins with a declared question and at least two candidate explanations.
Consider the regulator/controller comparison: one explanation attributes a recurring trace to a shared
cyclic abstract structure, while another locates predictive differences in timing and perturbation response.
The time-to-transition observations of Equation 22 distinguish constructed models with different rates
even under identical support graphs. Actual biological and computational observations would require
additional modeling and calibration. In the ecological case, a link-count hypothesis competes with an
inventory-dependent feasibility hypothesis; measuring relevant fluxes and testing feasible simultaneous
outcomes can discriminate them. In the linguistic case, an apparent shared relation label competes with
a construction-dependent interpretation; testing alternate conventions on held-out cases can expose the
difference.

Negative controls need to challenge the claimed preservation relation. Controls that simply produce
large differences under every description add little information about the boundary of comparability. A
more informative control matches a convenient surface feature while altering a property required for the
target inference. Likewise, sensitivity analysis should change one declared mapping or sampling choice
at a time where feasible, then examine which conclusions remain supported. If multiple changes are
necessary, the evaluation should state the dependency between them rather than attributing failure to a
single factor.

The distinction between predictive agreement and explanatory transfer is especially important. Two
models can yield similar predicted observables over the tested horizon while assigning different mecha-
nisms to hidden components. A task that requires only forecasting within that horizon might regard the
models as adequate substitutes under measured conditions. A task concerning intervention, restoration,
or material feasibility would require different evidence. A comparison is thus evaluated by its fit to a de-
clared question and available tests, preserving the possibility of partial success without converting local
adequacy into global equivalence.

9.7 Comparative Case Records and Replication Conditions

Table 8 condenses the proposed investigations into a structured case record. Each row distinguishes a
selected candidate invariant from the additional evidence needed for a stronger inference. The table lists
research requirements and failure probes; it reports no new measured outcomes. Its entries could guide
a prospective comparative study or a retrospective audit of existing datasets, subject to data access and
domain-specific ethical requirements.

A minimally reproducible record would retain the versioned data and coding conventions; the pro-
posed mapping and its admissible domain; units, temporal and spatial resolutions, and resource assump-
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Table 8: Prospective tests of selected cross-system correspondences; all outcomes remain to be evaluated.

Case and selected Additional discriminating evidence A comparison-failure probe

invariant

Regulatory Waiting times, fluctuations, perturbation Matched graph and period with divergent
oscillator / response, calibration of phases recovery behavior

controller: cyclic

abstraction

Food web / resource  Fluxes, stocks, renewal constraints, Similar connectivity with incompatible
flow: selected disturbance responses joint material feasibility

connectivity

Treebank / parser: Segmentation, construction-specific Preserved tree shape with altered
shared annotation agreement, alternative guidelines interpretation of relations

labels

Historical Formation records, controlled changes, Equal observed states with differing
comparison: successor feasibility admissible continuations

matching current

observations

tions; the declared evaluation target; the candidate models and negative controls; and the status of each
source. When the source material involves sensitive human information, protected ecological sites, or
proprietary systems, responsible access constraints may limit publication of raw data. A public specifi-
cation of methods, synthetic examples, and appropriately aggregated findings can still support scrutiny,
although they do not replace access to decisive evidence.

The evaluation should use predeclared success conditions. For example, a study may specify ac-
ceptable prediction error for a selected observable, a tolerance for conserved quantities, or the classes
of grammatical relations whose interpretation must survive translation. Choosing these tolerances re-
quires disciplinary judgment; they cannot be fixed universally by G4. Where uncertainty in the source
or mapping is material, a comparison may yield an identified set of outcomes rather than a single verdict,
consistent with Section 7. A result that remains unresolved is an admissible outcome of a disciplined
comparison.

9.8 Interpretive Consequences of the Comparative Cases

The cross-domain cases support a limited but important methodological conclusion. Similarity of ob-
served patterns can motivate a comparison, while stronger claims depend on preserved operations, com-
patible conditions, and evidence of the selected consequences. A directed cycle, a network statistic, or
an annotation label can serve as a stable object of study within a declared description; each becomes
insufficient when the research question reaches beyond what that description retains. This is a claim
about the structure of comparative reasoning, illustrated by constructed cases and supported by distinct
specialist literatures, rather than an empirical generalization about the systems themselves.

The examples also offer a way to evaluate the research programme critically. If a specialist baseline,
given the same question and evidence, records the same preserved structure, the same loss of information,
and the same revision conditions with equal clarity, G4 has not demonstrated added explanatory discrim-
ination for that task. Its vocabulary may still be useful for organizing interdisciplinary inquiry, although
such utility warrants separate evaluation. A more demanding test would compare independent teams
using a G4-style comparative record against teams using established discipline-specific protocols, with
preregistered evaluation criteria and reviewers competent in the relevant fields. This remains a proposal
rather than a completed validation study.

Finally, comparative categories are chosen and maintained through research practices. A require-
ment to measure kinetic fluctuations, identify ecological resource boundaries, or distinguish grammatical
relation types determines which structures become visible. These choices can have scientific and institu-
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tional consequences, especially when some participants or affected communities have limited influence
over what counts as relevant evidence. The next section therefore examines authority over comparative
categories: how metric selection, data access, institutional standing, and opportunities for correction
condition the legitimacy and reliability of cross-system comparisons. The present section has supplied
bounded case specifications and testable limits while retaining the distinct historical and material char-
acter of each domain.

10 Authority over Comparative Categories

Comparative inquiry requires decisions about which entities enter a study, which differences count, how
evidence is obtained, and which results are treated as relevant to a practical judgment. These decisions
have a dual character. They are methodological conditions for meaningful inference and, in institutional
settings, potential sources of authority over participants whose circumstances are represented. The ob-
jective of this section is to examine the relationship between comparative adequacy and the institutional
conditions under which categories become authoritative. The discussion proceeds through classifica-
tion design, commensuration, evidence access, standing, metric sensitivity, correction procedures, and
bounded cross-domain examples. It develops a simple robustness proposition and a procedural evalu-
ation framework while keeping mathematical validity, institutional effectiveness, and normative legiti-
macy analytically distinct.

10.1 Classification Decisions within Comparative Inquiry

A comparison begins with a selection, even where its categories have been inherited from a mature disci-
pline. Investigators determine the entities or practices to be grouped, the descriptions under which they
are recorded, the transformations to be observed, and the boundaries of the data. They may additionally
specify equivalence relations, measurement instruments, acceptable uncertainty, and a rule for combin-
ing results. Each choice determines which differences will remain legible in the resulting comparative
record. Section 3 treated a mapping as a mathematical object with a declared domain and preservation
requirements. Its practical construction also depends upon who is empowered to select that domain and
revise its definition.

The social life of classifications has received sustained attention. Bowker and Star examine the orga-
nization of practices through categories and standards that become embedded in information infrastruc-
tures [5]. Their analysis provides a useful historical and sociological counterpoint to a formal description
of equivalence classes. A quotient of a mathematical structure is specified through an explicit relation;
institutional classifications often acquire their meanings through histories of use, negotiated conventions,
technical constraints, and administrative routines. A category can be formally coherent for its declared
purpose while having consequences that extend beyond that purpose. Conversely, a controversial cate-
gory can remain indispensable for coordination within a particular limited task. The analytical question
concerns the category’s warranted scope and the institutional pathways through which that scope is es-
tablished.

For a comparative episode, one may record a provisional category specification as a tuple =
(Q,q, f,pu,a,E,T). Here Q is the declared domain of cases, ¢ the guiding question, f the proposed
coding or translation map, y the observation procedure, a an aggregation or decision rule where one is
used, £ the evidence-access conditions, and I' the procedure for proposing, examining, and recording
revisions. This notation serves as an audit checklist. It is neither a universal ontology of categories nor
a causal model of their institutional effects. In particular, the specification of I" documents a procedure;
it offers no immediate guarantee that a less powerful participant can exercise it effectively.

A category specification should be read in conjunction with its provenance. A classification inherited
from one research programme may travel across jurisdictions, languages, ecological settings, or technical
platforms. Its terminology can remain stable while the activities associated with its codes change. The
resulting mismatch may be an error of measurement, a change of operational regime, a difference in
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interpretation, or a substantive difference between systems. Those possibilities call for distinct inquiries.
Recording the origin of category choices helps prevent an apparently neutral numerical output from
concealing the historical decisions that made it possible.

10.2 Commensuration and the Choice of Metrics

A shared metric can facilitate comparison by translating different observations into a common form.
Its analytical value depends upon the intended question and the properties preserved during translation.
Espeland and Stevens describe commensuration as a social process that renders different entities compa-
rable by means of a common metric, with cognitive and political consequences [10]. Porter, examining
the historical authority of quantification, places numerical objectivity within institutional and social prac-
tices rather than treating the public standing of numbers as self-explanatory [26]. These accounts help
identify an additional research object for G4: the production and circulation of the authority to declare
two heterogeneous cases commensurable.

Consider two research infrastructures assessed through an index aggregating accuracy, energy use,
access costs, and recovery capacity. Each indicator can be operationalized, provided its observation
conditions and units are specified. Yet the move from a vector of separate measurements to one scalar
ranking requires a further rule. Weighting, normalization, and the treatment of missing information can
alter the result. A high score can therefore be evidentially meaningful for a specified purpose while
remaining a poor basis for a claim about a system’s general worth. For the present inquiry, the scalar
index is an instrument for a selected comparison, with its legitimate uses requiring separate argument.

In some domains, comparison can be conducted without scalar commensuration. Pareto-type partial
comparisons, explicit sets of permissible weights, interval-valued evidence, or a collection of separately
reported criteria may retain distinctions that a single ranking suppresses. These alternatives impose dif-
ferent burdens upon readers and institutions. An interval may be more faithful to unresolved uncertainty
yet less convenient for administrative allocation. A partial order can display incomparability yet require
additional public reasoning for a concrete decision. A single index can aid coordination while obscuring
variation in what its components mean. Methodological adequacy involves examining these trade-offs
in relation to the actual use of the comparison, rather than treating one representational format as intrin-
sically superior.

The risk of assigning external authority to a chosen metric is especially salient when indicators cir-
culate beyond the research context for which they were designed. Merry’s analysis of human-rights and
governance indicators offers documented examples of how quantified categories carry institutional the-
ories and reshape the interpretation of complex social circumstances [22]. G4 draws a narrower method-
ological lesson: the evidence supporting a ranking and the evidence supporting its practical deployment
are different evidential objects. For decisions affecting persons, populations, or ecosystems, the basis
of inclusion, the foreseeable consequences of omission, and the conditions for reconsidering the metric
deserve explicit evaluation.

10.3 Evidence Access and Asymmetric Observability

Authority over comparison can arise before a metric is applied. A participant or institution with privileged
access to records, instruments, computing infrastructure, or interpretive expertise may determine which
comparative models are admissible. Another participant may possess relevant local knowledge but lack
the means to introduce it into the evaluation. Such asymmetries affect both the inferential accuracy
of a comparison and the distribution of opportunities to challenge it. They can also be reproduced by
apparently technical decisions about documentation formats, data retention, or model interfaces.
Section 7 showed that a comparative target is identified only when it is constant across the models
compatible with an evidential record. That result assumes the evidence map and the candidate family
have been specified. Institutional control over these elements therefore conditions which uncertainty is
visible. A model excluded because its data were never collected differs epistemically from a model ex-
cluded because its predictions failed a discriminating test. The former raises questions about the construc-
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tion of the admissible evidence set; the latter concerns performance relative to an established procedure.
A responsible audit records the distinction.

Several forms of evidential asymmetry should be separated. Acquisition asymmetry concerns who
can generate records; interpretive asymmetry concerns who can decode or contextualize them; admission
asymmetry concerns whose records enter a formal evaluation; and revision asymmetry concerns who can
trigger reconsideration of a settled category. These distinctions can overlap, but their remedies differ.
Open data may improve acquisition and interpretation under some conditions, while sensitive records
require lawful limitations. Translation assistance may improve access without resolving the authority
to decide which interpretations count. An independent review can evaluate errors while leaving the
underlying ontology of the comparison contested.

The presence of unequal access does not itself establish that a comparison is false. An instrument may
be reliable even where its operation is restricted, and specialized interpretation can be essential for scien-
tific validity. The appropriate inquiry asks which claims require independent replication, which access
restrictions are substantively justified, and whether an affected party has a credible pathway to intro-
duce contrary evidence or obtain review. Epistemic accountability may therefore require a combination
of methods: calibration records, provenance documentation, controlled disclosure, external replication,
domain-specific expertise, and meaningful mechanisms for correction.

10.4 Standing, Representation, and the Limits of Agreement

A comparative category can be widely accepted because it solves a coordination problem, because a
disciplinary community finds it useful, or because an institution mandates its use. Those routes confer
different forms of authority. Scientific endorsement concerns the adequacy of a method within a relevant
field; administrative authorization concerns a rule of institutional practice; political or ethical legitimacy
concerns the justified exercise of power over affected participants. Agreement in one domain supplies
limited evidence for the others. Section 8 distinguished interpretive agreement from adequate reciprocal
translation; the same discipline applies to institutional ratification.

Longino’s account of socially situated inquiry is useful for understanding why critical interaction
contributes to the assessment of evidence, while Fricker’s analysis of epistemic injustice supplies vocab-
ulary for considering patterned failures to credit or interpret some human participants’ contributions [19,
12]. G4 uses these contributions as philosophical resources rather than as proof that a single procedu-
ral design works across all institutional settings. An affected participant may have relevant knowledge
about the consequences of a category yet lack technical expertise in its measurement model. A specialist
may be well placed to evaluate measurement validity yet unfamiliar with the circumstances in which
a score will be deployed. A legitimate comparative practice may need to accommodate both forms of
contribution without conflating their domains of competence.

Representation becomes especially difficult when the compared systems include animals, ecosys-
tems, or artificial infrastructures. Research institutions often rely upon human advocates, domain ex-
perts, and legal or regulatory procedures to represent affected interests. Such representation should be
evaluated according to its authorized scope and evidential adequacy. Its existence does not establish
that the represented entity endorses the categories or possesses a particular moral or epistemic status.
Likewise, the ability of an Al system to generate fluent objections provides an observable communica-
tive event, but its normative significance depends on further assumptions and institutional context. The
present analysis maintains ontological suspension regarding contested forms of subjecthood and agency.

An evaluative record can distinguish the initiator of a comparison, its technical designer, the custo-
dian of its data, the authority applying its results, and the people or systems whose conditions are affected.
These roles may be occupied by one organization or distributed across several institutions. Their sepa-
ration improves the diagnosis of a disputed comparison: an erroneous encoding may require technical
repair, an inadequate authorization may require governance review, and an inappropriate use beyond the
declared domain may require limiting or retracting the application. No single procedure resolves these
different kinds of failure by definition.
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10.5 Sensitivity of Rankings under Category Revision

The philosophical significance of metric selection can be made more precise through a limited quantita-
tive exercise. Consider two systems a and b, each represented by a profile z,, 2, € [0, 1]¢ of declared
measurements or scores, with the orientation of every coordinate fixed so that larger values indicate
better performance on that particular criterion. A nonnegative weight vector w with unit sum defines
a task-specific score s,,(i) = Zz:1 wizx. This is a formal model of scalar aggregation; it does not
determine whether the profiles are comparable, which criteria are relevant, or whether the weights are
legitimate.

Proposition 10.1 (Margin stability under bounded metric revision). Let z4, 2, z, 2, € [0, l]d and let
w,w’ be nonnegative vectors with coordinates summing to one. Suppose ||z, — zi||oc < ¢ for each
i € {a,b} and | — w||1 < e. Write Ay, = sy(a) — su(b) and A, = >, w (2], — 2,,). Then
Equation 23 holds. Consequently, a strictly positive original margin greater than € + 24 remains positive
after the declared revisions.

The bound referred to in Proposition 10.1 is displayed in Equation 23.
|AL, — Ay| < e+ 26 (23)

Proof. Add and subtract )", w) (zax — 2bk). Since every coordinate difference z,;, — 2y, belongs to
[—1, 1], the term arising from a change in weights has absolute value at most ||w’ — wl|; < e. The two
profile-perturbation terms have total absolute value at most >, w;,(d +¢) = 20. The triangle inequality
yields Equation 23. If A,, > ¢ + 20, the perturbed difference remains positive. []

This elementary inequality is closely related to standard robustness reasoning in multi-criteria anal-
ysis. Its contribution to G4 is diagnostic: an asserted comparative ranking can be accompanied by a
declared range of measurement and weighting revisions. The numerical margin states a conditional
stability result within one model of scalar aggregation. It establishes neither a universal ranking nor a
justification for the chosen dimensions. A procedure that changes the meaning of a criterion or intro-
duces a new excluded group falls outside the proposition’s fixed-coordinate assumptions. The inequality
also assumes fixed coordinate alignment and the same normalization interval for both profiles; it offers
no protection against category substitution or a change in what a score is intended to measure.

A complementary observation concerns incomparability. If one system performs better on one coor-
dinate and worse on another, a weight concentrated on the first coordinate and a weight concentrated on
the second can reverse the ranking. When one profile is coordinatewise at least as high as another, every
nonnegative weighted sum preserves the corresponding weak order. These are familiar properties of
weighted aggregation. They explain why the presence or absence of a robust ranking must be interpreted
together with the admissible weight set and the provenance of the underlying profiles. For a comparison
with uncertain measurements, it may be preferable to report intervals and unresolved cases rather than
produce a seemingly definite ordering from one arbitrary set of weights.

10.6 Contestability and Correction of Comparative Claims

A comparison becomes accountable when its intended beneficiaries and affected parties can identify the
claim being made, the evidence supporting it, and the procedure through which errors or inappropriate
applications may be challenged. Contestability has both epistemic and material conditions. Publishing
a formula can reveal how an index is calculated while leaving its input data inaccessible; offering a
complaint channel can appear inclusive while giving its reviewers limited authority to change an outcome.
A useful review therefore examines both what the procedure permits formally and what participants can
realistically do under their circumstances.

A practical correction sequence can distinguish four stages. An initial challenge specifies the cate-
gory, decision, or datum in dispute. Evidential review identifies whether the dispute concerns an inac-
curate measurement, an inadmissible translation, a missing case, an unsuitable aggregation, or an inap-
propriate practical use. The responsible body then determines an available response within its legal and
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institutional competence. A final record explains the decision and the criteria for subsequent reconsid-
eration. These stages serve as a provisional analytic framework rather than a claim that administrative
systems universally follow them.

Corrective actions may differ significantly. A mislabeled case can be recoded while leaving the
underlying metric intact. A comparison that omitted a relevant variable may require recalibration or
renewed observation. A scalar score that conceals an ethically significant difference may need to be
supplemented with disaggregated results or withdrawn from the decision for which it was used. Where
an entire category was selected without appropriate participation, redesign may require a more extensive
institutional procedure. In each case, correction should preserve a versioned record so that a revised
category can be related to the earlier claims and any decisions made under them.

There is a further distinction between reviewability and effective remedy. A challenge may success-
fully establish an epistemic defect without yielding authority to reverse an institutional decision or repair
its material effects. Conversely, an institution may provide a pragmatic accommodation without settling
the scientific disagreement. The relevant mechanisms, legal duties, and burdens of proof vary by context.
G4 can clarify the type of defect and the evidence needed for correction while leaving context-specific
legal and ethical judgments to the appropriate institutions and affected participants.

10.7 Comparative Episodes in Ecological and Artificial Systems

The methodological concerns become more concrete when categories travel between scientific and in-
stitutional settings. Consider a hypothetical coastal-monitoring programme that compares two habitats
using a common “ecological recovery” score. One site has rapid return of a selected indicator species,
while another preserves a slower but more diverse pattern of regeneration. A single score constructed
from species counts, biomass, and disturbance frequency could rank the sites differently depending on
weighting and observation intervals. That variation does not establish a defect by itself: different scores
may answer different ecological questions. The comparative record should declare the target of recovery,
its timescale assumptions, affected ecological functions, and the reasons for the selected indicators. It
should also identify alternative interpretations that could change a management recommendation.

The related literature on resilience and food-web structure, discussed in Section 9, supplies disci-
plinary examples of why ecological function and network topology deserve distinct measures [17, 8].
The present coastal-monitoring episode remains hypothetical, with no reported field measurements. Its
value is to expose the places at which authority can enter: the selection of monitored sites, the determina-
tion of baselines, the choice of a management objective, and the eligibility of different forms of ecological
knowledge for review. A responsible research design would seek specialist ecological validation before
translating any comparative index into intervention.

A second hypothetical episode involves two Al research infrastructures assessed for accessibility and
research productivity. A comparison based on publication counts and benchmark throughput may favor
one infrastructure, whereas a comparison including operating cost, language coverage, and the capacity
of researchers to export and reproduce their analyses may favor the other. These are genuinely different
evaluative objects. The challenge arises when an institution treats a score designed for throughput as
an authoritative statement about overall scientific opportunity. A researcher whose work depends on
an underrepresented language or a specialized data regime may have relevant evidence that the current
metric omits. A category audit would examine how such evidence can be introduced and whether a
revised instrument changes the comparative claim.

A third episode concerns multilingual annotation programmes. A shared dependency label facilitates
certain structural comparisons across languages, as the Universal Dependencies programme illustrates at
the level of curated representational practice [23]. Yet administrative or research uses of a single accuracy
metric may privilege annotation conventions that are more richly represented in the training material. A
responsible evaluation should distinguish the technical agreement of an annotation system from interpre-
tive adequacy for individual linguistic traditions. Proposals for correction may include language-specific
error analysis, independent annotation, or the preservation of multiple warranted analyses. The present
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Table 9: Authority points and evidential records for revisable comparative categories.

Authority point Record to preserve Question for review

Category boundary Included and excluded cases; revision Whose relevant differences remain
history visible?

Observation and Instruments, coding maps, calibration, Which claims survive the selected

translation uncertainties representation?

Aggregation and metrics ~ Scales, weights, omitted dimensions, Which rankings are stable within
sensitivity results justified alternatives?

Evidence custody Access rules, provenance and Who can introduce or test contrary
reproducibility limits evidence?

Institutional application Decision scope, responsible authority, Does the use remain within its
affected interests evidential and legal warrant?

Challenge and correction ~ Review access, responses, new Can identified defects be examined and
categories, versioned outcomes remedied?

discussion specifies a research design, not measured differences among languages or parsers.

Across these three episodes, the relevant category authority takes different institutional forms. Eco-
logical monitoring involves scientific expertise and possible public stewardship decisions; Al infrastruc-
ture assessment involves technical operators and research institutions; multilingual annotation involves
collaborative standards and linguistic interpretation. The comparative framework remains useful pre-
cisely when it avoids forcing these arrangements into a single governance template. Its practical role is
to make category decisions, evidential limits, and correction opportunities visible to the inquiry in which
they arise.

10.8 Revisable Comparative Standards

A comparative standard can remain scientifically productive while undergoing revision. Calibration
changes, new evidence, a changed target population, or a newly recognized interpretive distinction can
require an update. The intellectual task is to preserve the lineage of the comparison: which earlier
results remain supported, which become conditional, and which are withdrawn or reinterpreted. A change
in category boundaries is therefore more than a technical patch when it alters the membership of the
compared groups or the consequences attached to their rankings. It may also change the social and
material distribution of the capacities needed to contest future assessments.

Table 9 sets out a provisional record for evaluating such revisions. The rows identify different sites
of authority, including observational selection, commensuration, evidential access, decision use, and
correction. The suggested records are methodological aids for designing a comparative inquiry, not a
validated institutional accreditation scheme or a universal ethical checklist.

The section’s conclusion is methodological and qualified. A comparison may be mathematically ex-
act within selected categories, empirically useful for a declared predictive task, and institutionally con-
tested in its application. Each description refers to a different evaluative question. Category authority be-
comes relevant to G4 because the production of comparability is itself a situated practice that distributes
visibility and opportunities for correction. Making that practice inspectable can improve the accountabil-
ity of comparative claims; demonstrating improvements in actual institutional outcomes requires further
empirical study. Section 10 thus supplies the institutional complement to the formal correspondence and
reconstruction analyses. The following section develops research limitations and evaluation protocols
capable of testing their combined adequacy.

11 Research Limitations and Evaluation Protocols

A comparative framework gains scholarly significance through the distinctions it enables researchers
to justify, revise, and test. The present section evaluates the reach of G4’s account of cross-relational
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invariance and specifies research procedures capable of challenging it. Its objective is to distinguish
established methods from the proposed coordination of those methods, identify principal sources of in-
ferential failure, and define evidence that would support either a narrower or a stronger version of the
programme. The discussion proceeds through specialist alternatives, formal provenance, measurement
and translation, causal interpretation, case selection, comparative performance, institutional accountabil-
ity, and explicit revision criteria. Formal notation is used only to clarify the evaluation object. The
proposed protocols are methodological designs; no experiment testing the overall G4 framework has yet
been conducted.

11.1 Explanatory Contribution and Specialist Alternatives

The central methodological risk is redescribing established techniques through a new vocabulary with-
out improving an actual investigation. Graph theory already evaluates reachability and structural cor-
respondence; bisimulation and process semantics address selected forms of behavioural equivalence;
resource-sensitive formalisms distinguish alternative accessibility from joint feasibility; latent-model
identification and inverse-problem analysis examine observational ambiguity. In particular, the tech-
niques invoked in Sections 3, 7, and 9 inherit substantial capabilities from these disciplinary resources
[28, 4, 21, 18]. A comparison that is completely and adequately handled by one specialist model should
be credited to that model.

G4’s distinctive proposal therefore lies at the level of comparative warrant coordination: making
explicit which kind of correspondence is asserted, which information supports it, which remains omitted,
and how a conclusion changes when the research task changes. This claim concerns the organization
and criticism of inquiry. It remains separate from claims of superior prediction, algorithmic efficiency,
or discovery of mathematical invariants. Such advantages would require independent demonstrations
against relevant baselines. A technically elaborate audit might even make research less effective when
the additional record does not change any inferential decision or when its reporting burden exceeds its
value.

Three rival explanations are particularly important. First, a specialist investigator may already make
the required distinctions implicitly, making G4’s record an alternative exposition of existing good prac-
tice. Second, any observed improvement may result from additional time, calibration, or expert consul-
tation rather than the proposed comparative categories. Third, a richer framework may improve written
accounts of uncertainty while failing to improve predictions, replication, or warranted decisions. These
possibilities suggest an evaluation design in which procedural effort, domain knowledge, and informa-
tion access are recorded and, where feasible, matched across conditions. A favorable comparison with a
deliberately weak baseline would provide little evidence for the programme’s added value.

A research claim should specify the level of comparison at which improvement is sought. Explana-
tory discrimination concerns the correct separation of rival mechanisms. Predictive discrimination con-
cerns held-out observations under declared conditions. Interpretive adequacy concerns whether the map-
ping preserves meanings or distinctions relevant to its task. Institutional accountability concerns docu-
mented opportunities to challenge and correct the use of comparative categories. Each requires its own
evidence; combining them into a single achievement score would conceal important differences among
their aims.

11.2 Formal Provenance and the Scope of the Results

An audit of the formal propositions must distinguish their mathematical validity from their provenance
and the scientific inferences drawn from them. The manuscript contains fourteen numbered propositions
across Sections 3—10. Their proof obligations are local: each concerns declared sets, maps, relations,
resources, observations, or bounded perturbations. Where the proposition is an elementary characteri-
zation, its proof establishes that characterization within the stated model; it does not establish a newly
discovered mathematical structure. The accompanying verification scripts examine selected finite in-
stances and counterexamples. Independent proof review remains a separate scholarly requirement.
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Table 10: Formal provenance and remaining warrant boundaries for the manuscript’s propositions.

Formal domain Established mathematical baseline Further comparison requiring evidence

Local relational maps Isomorphisms, saturated quotient Mapping semantics, selected domains,

(Section 3) relations, composition of partial closure and regime alignment

homomorphisms

Preserved quantities and Intertwining, pullback of invariants, Calibrated measurements, common

rankings (Sections 4, 10)  deterministic perturbation inequalities units, justified weights and interpretive
scope

Resources and histories Independent-product reachability and Joint material feasibility, archived

(Sections 5, 6) labelled successor congruence events, and predictive or causal
adequacy

Inference and translation ~ Factorization on observational fibres, set Candidate-family completeness, valid

(Sections 7, 8) inclusion, restricted quotient injection probes, effective reciprocity and

category authority

Table 10 organizes these propositions by their mathematical starting point and the inferential limit
that remains after proof. This classification prevents a graph-theoretic correspondence, for example,
from being reported as equivalent biological dynamics, and prevents point identification within a selected
model family from being reported as identification across every plausible model. The specialist literature
on behavioural equivalence, open Petri nets, and statistical identification provides important antecedents
[28, 4, 21, 2].

The central methodological distinction is therefore between formal implication, model adequacy, and
practical warrant. A correct result about a selected relation licenses a conclusion about that mathemat-
ical relation. Using it to compare experimental, ecological, linguistic, or institutional systems requires
separately supported interpretations of the variables, admissible operations, and observed conditions.
A well-documented correspondence may be valuable even where the relevant wider interpretation re-
mains unresolved. The claim register accompanying the editable source records, for each proposition,
its assumptions, an independent proof outline, the corresponding baseline, and remaining questions for
external review.

11.3 Construct Validity across Heterogeneous Descriptions

A comparison can fail before any formal mapping is evaluated, because the observable quantities selected
in its two domains may instantiate different concepts. Labels such as resilience, capacity, complexity,
productivity, or adaptation acquire operational content through discipline-specific instruments and deci-
sions. The presence of a common label supplies a hypothesis of comparability. Its empirical standing
depends on a traceable connection between the intended concept, the particular operational measure,
and the available evidence. Adcock and Collier’s account of measurement validity provides a relevant
methodological precedent for distinguishing conceptual disputes from disagreements over measurement
and for attending to contextual specificity [1].

The problem becomes acute across biological, ecological, computational, and linguistic settings. In
the constructed comparisons of Section 9, a cycle may mean a recurrent regulatory pattern, a permitted
controller transition, or an aggregate graph property. A count of cycles may be measured reliably in
each description while supporting only a narrow cross-domain claim. Similarly, a shared dependency
label in two linguistic corpora may be consistently annotated yet differ in how it relates to the languages’
grammatical traditions. Domain experts must evaluate the link between concepts and records before
treating an invariant calculated from the records as an invariant of the underlying target.

A validation design should distinguish at least four layers. Conceptual alignment documents the task-
relevant interpretation of terms in both systems. Operational alignment records the instruments and
coding procedures used to produce comparable observations. Transformation adequacy tests whether
a proposed correspondence preserves an explicitly chosen relation or quantity. Inferential adequacy
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evaluates the conclusion drawn from the preserved property. An exact graph isomorphism may satisfy the
third layer for a topology task while leaving the fourth layer unsupported for a claim about physiological
recovery or institutional legitimacy. Section 10 adds the separate question of who can revise the adopted
concept or operational boundary.

The appropriate negative controls are conceptually informative. One may construct or select cases
with the same measured output and different known mechanisms, or cases with different surface de-
scriptions and a well-supported common operational mechanism. A method that treats the first pair as
globally equivalent or rejects the second solely because of a changed label demonstrates sensitivity to
irrelevant features. The candidate controls need independent justification, however: calling two mech-
anisms known to differ already depends on source-level evidence and the chosen scientific account. A
valid assessment should disclose those sources and the scope of the distinction they support.

A further limit concerns equivalence across observation resolutions. Increasing sampling frequency,
adding a new channel, or revising an annotation scheme may divide a previously unified class of config-
urations. Comparative findings should therefore carry a versioned description of the observation map.
Whenever the selected resolution changes, the analysis should re-evaluate its invariant claims rather
than silently carrying them forward. Such discipline is especially important when latent information is
unevenly available across compared systems.

11.4 Causal Identification and Intervention Design

Correspondence between observed patterns supplies a starting point for comparative explanation. Causal
interpretation requires further assumptions about interventions, dependencies, background conditions,
and the origin of observational differences. Distinct mechanisms can reproduce the same joint distribu-
tion of selected observables, and a successful translation of that distribution may leave the mechanisms
underdetermined. The partial-identification analysis in Section 7 formalizes this problem at the level
of candidate models. Its resolution in empirical practice depends on the availability and credibility of
distinguishing evidence.

An intervention-based comparison should therefore state its target operation separately in each sys-
tem. Perturbing a gene-regulatory network, interrupting a software controller, removing a link in an
ecological food web, and modifying a grammatical annotation procedure are interventions of different
kinds. Their comparison requires a defensible account of what is held fixed, which mechanisms are ac-
tivated, and why any observed difference is attributed to the selected intervention. The causal-inference
literature provides established tools for making such assumptions visible; Hernan and Robins, for exam-
ple, organize inference around explicit causal questions and the conditions under which observational
data can answer them [15]. Their framework does not, by itself, equate interventions across heteroge-
neous domains.

Three common confounding mechanisms deserve scrutiny. A shared-input mechanism can produce
aligned outputs when two systems respond to one background variation. A selection mechanism can
create similarity when only comparable successful cases enter the record. A representation mechanism
can manufacture apparent agreement when different observations are standardized through the same
coding rule. Evaluating these alternatives may require within-system perturbations, longitudinal obser-
vations, negative-control variables, or separate instruments with different measurement errors. Each
design should state the intervention’s feasibility and ethical constraints before it is interpreted as a causal
test.

Causal evidence can also reveal important limits of invariance. A mapping that preserves equilibrium
frequencies might fail to preserve responses to perturbation; a mapping that preserves reachability might
fail to preserve intervention costs or transition rates. The appropriate revision is to restrict the target
relation to what the evidence actually preserves. Such a restriction need not count as failure of the entire
programme. It can constitute a successful discovery of the boundary of a specific correspondence. The
stronger programme-wide failure would be persistent inability to articulate or test those boundaries in a
way that improves upon existing specialist inquiry.
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11.5 Historical Sampling and the Scope of Generalization

A cross-system comparison also depends on how the participating systems were chosen. Cases selected
for striking surface resemblance tend to overrepresent successful alignments and underrepresent the situ-
ations in which translation fails. Historical dependence further complicates selection, because presently
similar states may have arisen through different paths and may retain different feasible continuations.
Section 6 supplies a formal sufficiency condition for preserving selected future possibilities; applying it
requires observations or defensible models of the relevant histories.

Seawright and Gerring distinguish several strategies for purposeful case selection, including typi-
cal, diverse, extreme, deviant, and most-similar or most-different cases [29]. For the present inquiry, a
diverse-case sample can expose whether a proposed correspondence relies on one domain’s conventions;
a deviant-case sample can reveal the mechanism of an unexpected failure; a most-similar comparison
may help isolate a candidate difference in resources or history. These are different research purposes. A
handful of theoretically chosen examples cannot establish the frequency with which a proposed invariant
appears across an undefined population of possible systems.

Historical records also have heterogeneous reliability. An ecological reconstruction can depend on
incomplete species surveys and seasonal sampling; a technical platform’s record may omit earlier config-
uration changes; a linguistic corpus records only the texts, annotation conventions, and sociohistorical
traces available to its compilers. A comparison should specify whether history is directly observed, re-
constructed from proxies, or represented only by a set of compatible trajectories. A proposed common
history-dependent capability becomes more tentative when its essential inputs are inferred from the same
output that the comparison seeks to explain.

Generalization should proceed in stages. A within-case result may demonstrate that one correspon-
dence works under a specified regime. A matched comparison can examine whether it survives a known
change in representation or material constraint. A purposively varied set can expose different failures.
A broader sampling programme would be needed to estimate prevalence, with a defensible sampling
frame and an account of dependence among cases. The investigation should report which level its evi-
dence reaches, including cases excluded by inaccessible data, incompatible instruments, or unresolved
translation.

11.6 Comparative Performance on Held-Out Tasks

The framework’s practical research value can be examined with a protocol that compares its use against
a credible domain-specialist workflow. Participants or research teams could be assigned the same col-
lection of constrained comparative tasks and access to the same relevant materials. One condition would
use the ordinary specialist procedures judged appropriate for each task. A second would additionally use
a G4-style record of comparison scope, candidate mapping, preservation target, omitted conditions, rival
models, and anticipated failure observations. Both workflows should receive adequate time for familiar-
ization. Where random assignment is feasible and ethical, task order and analyst assignment could be
counterbalanced; otherwise the design must disclose the principal sources of selection bias.

A task should present an observable judgment that can be independently assessed. For example, an
analyst might determine whether two transition descriptions genuinely admit a jointly feasible production
outcome, whether an observed equality persists under a prescribed intervention, or whether an annota-
tion correspondence generalizes to held-out constructions. The task designer must establish a reference
standard by proof, independent measurements, or a justified expert adjudication procedure. A reference
standard that merely repeats the G4 classification would prejudge the comparison. Some conceptual and
normative questions may lack a single correct binary answer; in those cases a suitable assessment should
record reasoned alternatives and the grounds on which they are judged.

For a predeclared set of tasks 7, the first reporting unit should be the task-specific paired loss differ-
ence d; = l;(a}) — ¢;(a¥), with the sign, scoring rules, and units of each ¢; documented. Comparisons
across tasks require an additional commensuration decision. Raw differences measured in distinct units
can be aggregated only after a justified normalization and a disclosed choice of task weights. Equation 24
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gives one explicitly conditional descriptive aggregate, using positive scale constants s; and nonnegative
weights w; fixed before observing the comparative results.

Zwt 4G _gt(“f), » w =1 (24)

teT teT

The constants s; may express a justified reference loss, a predeclared performance range, or another task-
specific scale with a substantive interpretation; their selection requires an account of why one normalized
unit is comparable to another. Equal weighting is one possible convention, rather than a neutral default.
A positive value of Equation 24 indicates lower weighted, normalized loss for the G4-assisted workflow
under the selected conventions. It cannot by itself establish superiority across heterogeneous epistemic

objectives.
The danger of undocumented scales is visible in a two-task constructed example. Let the specialist-
minus-G4 loss differences be dy = 2 and d2 = —1. An unnormalized equal-weight average is 0.5,

whereas measuring the first task in a unit ten times larger changes its numerical difference to 0.2 and
reverses the average to —0.4 without changing either workflow’s performance. This is a change of mea-
surement units, not an evidential reversal. The same sensitivity can arise through a defensible disagree-
ment over the importance of prediction, explanatory discrimination, or interpretive adequacy. Reporting
dy, s¢, and w; separately, with sensitivity analyses over justified alternative weights and scales, protects
the analysis from an apparent gain created by arbitrary arithmetic.

The aggregate is a descriptive statistic. Its inferential interpretation depends on task selection, re-
peated or clustered observations, scoring reliability, assignment, and uncertainty estimates. A stronger
protocol would report confidence intervals or other appropriate uncertainty assessments within the de-
clared research design, and would retain disaggregated performance by domain. The two workflows
should also be compared on time, data requirements, expert involvement, unjustified confidence, and
the practical cost of maintaining the comparative record. These resource and accountability measures
may be incomparable on a single scale; reporting them in parallel can be more informative than a forced
total score.

A serious test needs held-out questions and difficult negatives. The analyst should encounter cases
where a highly visible graph match coexists with incompatible kinetics, where two production paths
compete for one consumable input, where distinct histories share a present observation, and where a
seemingly stable ranking changes under a defensible metric revision. These examples can be designed
from independently established formal models before the analysts see them. The evaluation should also
include ordinary cases adequately resolved by specialist methods, so that the additional comparative ap-
paratus receives no credit merely for reproducing a conventional result. Reporting calibration of analysts’
uncertainty would be useful where confidence judgments are elicited in a consistent format.

The present manuscript has not conducted this comparative-performance evaluation. The finite ver-
ification scripts accompanying earlier sections check the mathematical consistency of selected proposi-
tions and counterexamples, rather than the performance of the G4 procedure in scientific practice. An
assessment of practical improvement must be conducted separately, ideally with protocols available for
external criticism before results are collected.

11.7 Epistemic Participation and Institutional Consequences

The evaluation of comparison cannot be confined to technical correctness when classifications affect
the people or institutions they describe. Section 10 distinguishes the accuracy of a category from the
authority to impose it and the legitimacy of its application. A methodologically successful metric can
still be used outside the target domain that justified it. Conversely, a contested institutional rule may use
a scientifically defensible classification for one narrow purpose. An evaluation protocol should report
these situations separately rather than interpret disagreement as measurement error.

Practical scrutiny begins with evidence custody and review. Which records can be inspected inde-
pendently? What lawful or ethical limits constrain disclosure? Which parties have standing to correct
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an omitted context or challenge a translation? Are corrections versioned, communicated, and traceable
to the conclusions they alter? These questions are informed by the work on classification infrastructures,
indicators, and epistemic exclusion discussed in Sections 8 and 10 [5, 22, 12]. Their inclusion does not
imply that one procedural template is suitable for every scientific field or institutional setting.

A comparative intervention can impose costs on participants whose ability to respond is uneven.
Adding an experimental ecological disturbance may be scientifically discriminating while raising animal-
welfare and conservation concerns. Releasing infrastructure records can aid independent evaluation
while exposing confidential information. Asking linguistic communities to correct an imposed cate-
gory may require time and expertise that existing projects have failed to resource. The research design
should acknowledge these constraints before proposing a test. In some cases observational alternatives,
simulations, controlled access, or participatory review can provide a more appropriate means of inquiry.

Institutional evaluation should include both the documentation of challenge procedures and evidence
that they work in practice. An appeal route without accessible records, interpreters, or timely decisions
may be only formally available. Meaningful assessment would examine whether challenges can change
categories, whether corrections propagate into consequential decisions, and whether affected participants
can obtain explanations. These outcomes require setting-specific empirical study. G4 provides an orga-
nizational rationale for recording them; it has yet to demonstrate that the rationale improves institutional
accountability.

11.8 A Staged Protocol for Comparative Inquiry

A provisional protocol may help connect the preceding limitations to replicable research. It should in-
clude an explicit candidate-family sensitivity stage, testing whether identified comparisons survive the
admission of plausible alternative mechanisms and mappings as described in Section 7.6. Any cross-task
score should be accompanied by its normalized scales, task weights, and disaggregated results. Its aim
is to expose the inferential chain before conclusions are announced, while allowing discipline-specific
methods to determine the proper instruments. For each investigation, researchers should preserve a dated
and versioned record of the comparison question, target and descriptions, relevant conditioning regimes,
proposed transformations, evidence, alternative mechanisms, and the scope of inference. The record
should identify the responsible researchers or institutions and the means of correcting material errors. It
is a research aid, not an accreditation instrument.

Definition 11.1 (Task-Relative Comparative Warrant Record). A task-relative comparative warrant
record is a versioned tuple W = (¢, M,T', 1, E, A, V), where ¢ specifies a comparison question; M
identifies candidate systems and the selected descriptions; I" declares admissibility conditions and rele-
vant histories; 7 specifies proposed correspondences and preservation targets; F identifies observations
and their provenance; A records serious alternative accounts and anticipated discriminating evidence;
and V specifies evaluation procedures, limits, responsibilities, and revision conditions. The record doc-
uments a proposed warrant; its existence does not establish that the comparison is correct.

The record in Definition 11.1 is intentionally broad enough to accommodate a mathematical proof, a
laboratory comparison, a historical investigation, or a collaborative interpretive exercise. Its entries have
different evidential standards. In a finite formal example, £/ may be a reproducible transition table and
V a proof and exhaustive check. In an empirical kinetic study, £ would include instruments, calibration,
repeated observations and appropriate statistical analysis. In a participatory linguistic comparison, F
may include annotated texts and documented interpretive judgments. These cases warrant different con-
clusions; the common record helps show where their claims become comparable and where they remain
distinct.

Table 11 sets out a sequence of checks and the kinds of adverse result they should expose. Each stage
should retain the outputs of specialist inquiry, including findings that make the G4 layer unnecessary for
the declared task. The protocol can be implemented lightly for simple comparisons and in greater detail
when consequences or uncertainties warrant it.
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Table 11: Proposed Stages, Specialist Baselines, and Revision Triggers for Cross-System Comparison.

Evaluation stage Evidence or specialist baseline Revision trigger

Object and concept Target definition, domain expertise, Different operational meanings for a
measurement-validity review required common construct

Mapping and Explicit relation, counterexample search, Failure to preserve the selected relation on

invariance formal or numerical verification a justified domain

Feasibility and Inventory, constraints, provenance, An omitted dependency changes the

history competing trajectory models admissible continuations

Identification and Model set, uncertainty analysis, controls Rival mechanisms yield opposite

causation and possible interventions conclusions under existing evidence

Held-out comparison  Specialist workflow, benchmark tasks, No credible added discrimination or
uncertainty and resource costs excessive procedure burden

Institutional Authority record, participation, review, Category use exceeds its warrant or blocks

application correction and legal context justified correction

The protocol should record failed and inconclusive comparisons alongside successful ones. A failed
mapping can identify the role of a hidden resource or a contested concept; an inconclusive comparison
can reveal a necessary measurement that remains unavailable. Preserving these outcomes prevents the
framework from becoming an archive of selectively successful analogies. Reanalysis should be possible
after changed instruments, new evidence, or an improved specialist model, with earlier versions of the
comparative claim retained for inspection.

11.9 Revision Criteria and Boundaries of the Programme

The framework faces limitations of several kinds. Formal limits arise when proposed mappings fail to
preserve selected relations or when composition requires incompatible regimes. Epistemic limits arise
when observationally compatible models disagree about the comparison target. Historical limits arise
when records of formation and dependency remain incomplete. Practical limits arise when an accurate
comparison is too costly, intrusive, or weakly informative to justify its use. Institutional limits arise when
a technically defensible category acquires authority over questions for which it lacks adequate evidential
or ethical justification.

Three outcomes should lead to different revisions. Where a particular correspondence fails a well-
designed discriminating test, the appropriate response is to restrict or withdraw that correspondence
and identify the source of failure. Where multiple candidate models remain equally compatible with
available evidence, the conclusion should remain partially identified or explicitly unresolved, with a
research plan for acquiring relevant information. Where the framework’s own comparative protocol
yields no defensible gain over established specialist approaches, its claimed methodological contribution
should be reduced to an optional way of documenting research assumptions. A finding that its categories
systematically cause false confidence, conceal relevant differences, or impede correction would provide
stronger grounds to revise or abandon the proposed procedure.

An apparent success also has limited implications. Preservation of one observable under an inter-
vention is evidence for the specified correspondence under those conditions. It does not validate every
structural property of the compared systems, all possible regimes, or a shared ontology. For the present
papetr, cross-relational invariance remains a task-relative claim whose object, preservation standard, and
evidence must be declared. The findings of Sections 7 and 10 explain why uncertainty about models and
the social authority of categories can persist even when a formal property is preserved exactly.

This section therefore establishes a programme of criticism rather than a completed external eval-
uation. Its constructive proposal is a disciplined sequence of comparative claims whose vulnerability
to counterevidence is documented at the time each claim is made. Its success will depend on whether
independent researchers find that the sequence improves relevant judgments under fair comparisons with
domain-specific practice. Until such tests are undertaken, G4’s scope remains a provisional philosophi-
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cal and methodological synthesis. The final section draws together the conditional results and identifies
a bounded agenda for subsequent research.

12 Conclusion

Comparability among heterogeneous generative systems concerns the justification of inferences across
distinct descriptions, conditions, and histories. The paper has developed a task-relative account of
comparative warrant, specifying objects, admissible conditions, partial mappings, selected preservation
claims, evidence, and criteria for revision. This Conclusion brings together the conditional mathematical
results, historical and interpretive distinctions, and institutional implications, while identifying the eval-
uations still needed. Its organizing commitment is to preserve informative partial comparisons together
with their unresolved differences and the grounds on which their interpretation may change.

12.1 Comparative Warrant as a Situated Research Object

The paper’s starting point is a distinction between describing a common feature and establishing an ad-
equate relation between two systems. A biological circuit and a computational controller can both be
represented by directed cycles. The selected diagram may preserve adjacency and reachability, while
the systems differ in kinetic rates, substrates, responses to perturbation, and physical implementation. A
shared label can likewise coordinate grammatical annotation across languages while leaving unresolved
differences in linguistic interpretation and annotation practice. In each case, the warrant of the com-
parison is determined by the question being asked and by the information preserved for that question.
Section 2 formalized this orientation through interpreted candidate-system descriptions and task-relative
comparative adequacy.

Comparative warrant is therefore a situated research object rather than a property inferred directly
from resemblance. It can be recorded, evaluated, contested, and revised. Its relevant dimensions include
the selected target phenomena, the status of their representations, the conditions of observation, and the
inferential transition from an observed correspondence to a substantive conclusion. These dimensions
can change separately. Improved measurement might distinguish two configurations previously grouped
together. A change in resources can alter joint feasibility while preserving a diagram of possible trans-
formations. A new interpretive agreement may enable a local translation without eliminating other dis-
agreements. An institutional change can affect which comparisons receive authority while leaving their
formal content intact.

The approach provides a vocabulary for qualifying such changes. It distinguishes exact from approx-
imate preservation, local from global scope, marginal from joint possibility, and descriptive similarity
from identification of a generative mechanism. These distinctions have precedents in existing mathe-
matical and philosophical research. Their coordinated deployment supplies a possible methodological
benefit when an inquiry crosses disciplinary or institutional boundaries and requires several forms of
justification at once. This is the paper’s organizing contribution. It is a proposal about how compara-
tive claims can be assessed, with practical usefulness awaiting evaluation against competent specialist
alternatives.

12.2 Mathematical Preservation and Its Conditional Scope

The mathematical development makes explicit the structure of selected comparative claims. In Section 3,
a partial mapping is declared on a specified domain, with preservation distinguished from reflection. Un-
der appropriate assumptions, a bijective mapping that preserves and reflects the selected relations sup-
ports a local relational isomorphism. A many-to-one mapping supports an exact quotient only when the
underlying relation is suitably saturated across the relevant fibres; the criterion is stated in Proposition 3.4.
Forward preservation can also be composed under the declared domain and regime compatibility require-
ments of Proposition 3.5. These are established kinds of relational reasoning, organized here to prevent
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an unexamined extension from partial correspondence to whole-system equivalence.

Section 4 further distinguishes the properties that transformations actually preserve. A commuting
correspondence between two updates yields preservation of their finite iterations under the assumptions
of Proposition 4.2. Selected conserved quantities can be transported when the relevant maps satisfy the
conditions of Proposition 4.3. Bounded observational or weighting discrepancies support stable numer-
ical comparisons only when a suitable margin remains, as illustrated by Proposition 4.4 and the institu-
tional ranking result of Proposition 10.1. Such statements characterize precise preservation tasks. They
leave open the empirical adequacy of the modeled update, observable, and measurement error.

The paper consequently treats an invariant as an explicitly indexed finding. The relevant index in-
cludes the representation, the chosen domain, the transformation class, and the claim the invariant is
intended to support. Preservation of a graph property answers a different question from preservation of
a stochastic response, a conserved mass balance, or an interpreted linguistic distinction. Distinct task
indices can sometimes be coordinated, but their coordination requires justified connections between the
corresponding descriptions. Exact mathematical results thereby become useful safeguards against inter-
pretive extension beyond the selected property.

The formal results retain the provenance of their mathematical baselines. Isomorphisms, relation-
compatible quotients, composition, conservative quantities, resource reachability, history-based congru-
ence, and fibrewise identification are established forms of mathematical reasoning. G4 assembles them
in an inquiry-specific warrant framework, while the explanatory or practical gain of such coordination
remains to be demonstrated against disciplinary methods. Section 11.2 records the resulting proof and
interpretation boundaries.

12.3 Generative Conditions, Provenance, and Incomplete Reconstruction

Comparisons of generative processes must account for the conditions under which their transformations
are feasible. Section 5 examined joint prerequisites, consumable resources, shared capacities, and regime
compatibility. A collection of outcomes that can each be reached from a given initial inventory may ex-
ceed what can be realized together. Conversely, reachability factorizes for independent systems under
the restrictive assumptions of Proposition 5.3. These constructions offer contrasting reference cases.
Shared resources, common institutional permissions, and ecological dependencies can defeat a compar-
ison based on independent composition, whereas adequately separated subsystems may permit it. The
existence and significance of such dependencies require domain-specific evidence.

Historical provenance adds another dimension. Systems with the same present description can retain
different inventories, permissions, learned configurations, or latent response conditions. The analysis in
Section 6 specifies a condition under which histories sharing an observable description have compatible
observable continuations over finite sequences of actions. The result makes a limited predictive claim
about a selected history domain. It permits historical traces to be omitted when the available evidence
and the chosen predictive task justify doing so. Where that condition fails, recovering further aspects of
formation can improve comparison. Explanatory claims about why a particular system formed as it did
require a distinct historical or causal investigation.

Section 7 examined the case in which the underlying structure is itself incompletely observed. Candi-
date mechanisms, admissible correspondence maps, and historical reconstructions can remain compati-
ble with the same record. Proposition 7.2 identifies the elementary condition under which a comparative
target is constant on observationally indistinguishable candidates, while Proposition 7.3 describes the
narrowing of partially identified target sets when compatible candidates are eliminated by additional
evidence. A well-defined comparison can therefore remain unresolved with the available observations.
This is an epistemic result rather than a defect that can be repaired through more confident terminology.

Taken together, material feasibility, provenance, and identifiability define a discipline of restraint.
They indicate the information needed before extending a comparative statement from one observation,
inventory, or history to another. They also suggest discriminating research designs: alter a resource
constraint, recover a relevant historical trace, compare responses to controlled interventions, or intro-
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duce measurements that separate otherwise compatible candidate models. Where such procedures are
unavailable, the resulting limitation should remain part of the reported conclusion.

12.4 Reciprocal Interpretation and Responsibility for Categories

Relational correspondence can involve meanings that are revised through interaction. Section 8 con-
sidered partial reciprocal translations, the maintenance of selected distinctions under a round trip, and
the preservation of comparisons calculated from shared probe signatures. The associated propositions
concern bounded domains and declared tests. Their validity depends on the selected equivalence and
calibration rules. They establish the conditions for retaining certain distinctions across translation, while
the wider question of mutual understanding remains sensitive to history, use, practices of correction, and
disagreements about relevant purposes.

An additional issue arises when comparative categories influence decisions about other participants.
The possibility of measuring, classifying, or ranking something is distinct from the authority to make
that classification consequential. Section 10 examined how metric design, access to evidence, standing,
and revision procedures shape this authority. Its bounded score-stability result identifies circumstances
in which a ranking survives a declared perturbation; stability of that ranking remains a mathematical
property of the adopted metric. Questions of participation, accountability, legality, and fairness require
independent judgment and evidence. The same distinction applies to comparisons involving unfamiliar
or hypothetical forms of agency, for which evidence about capacities, experience, or moral standing may
be especially incomplete.

The practical implication is a requirement for visible custody of comparative categories. Investi-
gators should identify who selected a measure, which affected perspectives entered its design, what
information remains inaccessible, and how material errors can be challenged. A useful audit should also
record the effects of correction: whether a disputed classification was changed, whether associated infer-
ences were revised, and whether consequential applications reflected the corrected record. Institutional
processes with these properties may support more responsible comparison, although their effectiveness
varies by setting and must be investigated empirically. Epistemic accountability thereby enters the re-
search programme as a separate, observable issue rather than as a legitimacy claim automatically derived
from structural preservation.

12.5 Comparative Cases and Specialist Explanatory Standards

The cases examined in Section 9 illustrate how a comparative warrant may be tested against the explana-
tory standards of the relevant field. A common directed cycle between a synthetic regulatory circuit and
a computational controller can support a narrow structural claim, while kinetic predictions require addi-
tional physical information. A resemblance between an ecological food-web graph and a resource-flow
model can conceal differences in biomass, renewal, and constraints on simultaneous consumption. A
common multilingual annotation scheme can assist computational comparison while remaining open to
language-specific interpretation and revision. Different historical formation paths can produce equiva-
lent present records alongside unequal capacities for further action.

Established discipline-specific methods remain the appropriate baselines. Graph methods evaluate
reachability and transition-system methods address behavioral correspondence. Resource-sensitive mod-
els represent joint prerequisites, while stochastic approaches evaluate kinetics and uncertainty. Measure-
ment theory examines the relation between operational indicators and intended constructs. Historical and
interpretive inquiry investigates provenance and meaning. G4’s cross-relational proposal gains credibil-
ity when it accurately identifies the limits of each translation and supports better coordination between
these methods. Its credibility would be diminished by a claim of universality that overlooks the kinds of
knowledge these methods already provide.
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12.6 Evaluation Priorities and Conditions for Revision

The programme’s next stage is comparative evaluation on predetermined tasks. Section 11 introduced a
Task-Relative Comparative Warrant Record in Definition 11.1, together with specialist baselines, com-
peting hypotheses, and explicit revision triggers. A defensible study would prepare multiple kinds of
comparative problems, including exact finite formal models, cases with competing latent mechanisms,
tasks involving consumptive resources, cross-language interpretive problems, and institutional settings
in which a category informs a consequential decision. The task battery should include deliberately diffi-
cult negative cases, and its scoring criteria should be fixed before the methods are compared.

A first evaluation could test error detection: whether a structured warrant record helps investigators
identify omitted resources, invalid mapping domains, incompatible histories, or unjustified causal claims.
A second could test decision calibration: whether investigators express appropriate uncertainty when
the candidate-model set supports only partial identification. A third could test revision quality: whether
new evidence leads to a traceable correction of the asserted correspondence and its practical use. In a
collaborative setting, the record could be assessed for the accessibility of reasons, the opportunity to
challenge a category, and the burden of maintaining the procedure. These are distinct research outcomes
with different instruments and possible harms.

The evaluation should also expose two methodological choices capable of changing an apparent
result without new evidence. Section 7.6 shows how enlarging the family of admissible models can
reopen a previously point-identified comparison. Section 11.6 shows why task-specific evaluation losses
require justified scales and weights before they can be aggregated. These decisions should remain visible
in any report of the framework’s performance. Their sensitivity forms part of the comparison’s warranted
scope rather than a secondary editorial detail.

The programme also requires clear conditions for contraction. If a purported invariant fails under an
admissible transformation, its domain should be restricted or its preservation rule revised. If rival models
compatible with the evidence support opposite claims, the appropriate reported result is partial identifica-
tion or an unresolved target. If a domain-specific method already provides equally accurate, interpretable,
and accountable judgments with lower overhead, the G4 layer may reasonably remain optional. If the
chosen category systematically suppresses relevant differences or excludes justified challenges, the in-
stitutional procedure itself requires substantial revision. Recording these outcomes gives the research
programme a way to learn from its failures.

12.7 Open Ontological Questions and the Scope of Synthesis

The inquiry leaves open the ontological significance of similarities that survive many distinct represen-
tations. A property may remain stable across a variety of measurement choices and transformations, and
that stability can support confidence in its scientific usefulness. Whether it indicates a physically real
common structure, a robust effective description, or the success of a restricted modeling practice depends
on further arguments about the relation between the representation and its target. Structural realism, prag-
matist approaches to representation, and relational ontology provide different resources for that argument.
G4 uses these traditions as interlocutors while suspending an exclusive ontological conclusion.

The limits of mutual translation also deserve sustained philosophical inquiry. A partial correspon-
dence can preserve a useful operational relation while leaving parts of a conceptual system untranslatable
or disputed. Such residuals may become resources for new research questions or jointly revised concepts.
Their significance is especially evident when interacting participants possess different forms of knowl-
edge, different stakes in the comparison, or different capacities to contest an inherited vocabulary. The
prospect of revising comparative categories together is philosophically important, but it cannot substitute
for evidence about actual practices of participation and change.

G4’s scope therefore remains bounded. G1 examines the ontological status of derived generative
order; G2 examines political-economic differences among heterogeneous generative-relational subjects;
G3 investigates evolutionary formation of norms among such subjects. The present inquiry addresses
the warrants for comparing systems whose configurations, transformations, descriptions, and histories
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may differ. It can inform those neighboring projects by identifying when an analogy carries a defensi-
ble invariant and when the comparison requires additional evidence. The distinct research objects and
standards of assessment of the four projects should be preserved.

12.8 Concluding Position on Heterogeneous Comparability

The outcome is a conditional account of heterogeneous comparability. Selected relations, observables,
and transformations support comparison when their domains, preservation criteria, and evidential stand-
ing are stated. Material dependencies, historical trajectories, interpretation, and institutional authority
delimit the conclusions that follow. Mathematical constructions identify precise preservation claims;
the proposed warrant record supports their disclosure, assessment, and revision.

G4’s methodological proposal concerns the intelligibility and accountability of cross-system infer-
ence. Its formal results rest on established techniques; its illustrative cases and evaluation protocol re-
main preliminary. Independent comparative studies will determine whether this organization improves
research practice beyond competent specialist alternatives. The present contribution is a transparent and
revisable way to distinguish warranted local correspondence from claims whose evidence or interpreta-
tion remains unsettled.
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